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PREFACE 


This report describes the development of the thermoelectric 
cooling of an expansion chamber for use in cloud physics 
experimentation. Work was performed at Borg-Warner Thermoelectrics, 
Des Plaines, Illinois under contract INAS8-31633 awarded by the George 
C. Marshall Space Flight Center, Huntsville, Alabama. The contract 
was administered by C. A. Law, Contracting Officer and B. Elkins, 
Contracting Officer's Representative. 

The author wishes to acknowledge the many significant 
contributions by Borg-Warner Thermoelectrics personnel: Dr. J. S. Lee 
in the area of heat sink design, thermal modeling, and acceptance 
testing; R. W. Duenn who served as Project Manager and Production 
Manager; B. Peters, L. Shaw, and L. Black in the area of hardware 
production; F. Smith in quality control; and K. Ryan, Administrative 
Assistant. 

Finally, the author is especially grateful for the many helpful 
discussions and guidance by G. Barr and J. Moses, Contracting 
Officer's Technical Representative, of the Marshall Space Flight 
Center. 
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1 . SUMMARY 

The major objective of this program was to provide means of 
controlling the temperature of an expansion chamber for use in cloud 
physics experimentation. The original concept as proposed by MSFC was 
to attach single stage thermoelectric modules in a close-packed con- 
figuration over the entire surface of the chamber. 

The pursuance of this program involved four distinct phases of 
activity and conceptualization. Phase 1 was characterized by the 
development of a mechanical design, thermal modeling, and computer 
programming. Initial calculations were based on the approach as 
outlined in the original MSFC RFP — that of applying single stage 
modules directly to the chamber. This approach proved to be marginal 
requiring utilizing high quality thermoelectric materials, the maximum 
power budget, and the most optimistic space lab water supply 
conditions. 

Phase 2 added a thermoelectric pre-cooler between the space lab 
water supply and the heat sinks of the chamber thermoelectric modules. 
Although greatly improving the system steady-state performance, the 
cool-down time was not acceptable to MSFC. 

Phase 3 eliminated the pre-cooler and replaced the single stage 
chamber thermoelectrics with multi-stage cascades. The cool down time 
was enormously improved without sacrificing the steady-state 
performance improvement made in Phase 2. However, this approach put a 
large AT across the thermoelectrics in contact with the chamber and 
thereby augmented potential isothermal problems. 
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It was at this point in the program that BWTE was made aware of a 
given transient cooling requirement. This requirement was not part of 
the contract but was of the overall program. Attempts to simulate the 
desired transient performance led to the conclusion that this con- 
dition could not be met under the imposed constraints. A simple 
calculation from the cooling slope required and the mass of the 
chamber revealed that a heat extraction rate of 2960 watts from the 
chamber at -10°C (14°F) was required. The maximum heat extraction 
rate of even a 5-stage thermoelectric optimized for that temperature 
using the full 1.5 kw power budget was less than 500 watts. 

The fourth and final phase of the program involved a complete 
change in the scope of effort. A contract modification was made 
redefining the objectives in a revised statement of work. In general, 
this involved the design and fabrication of a thermoelectric chiller 
for use in -cooling a liquid reservoir. This removed responsibility 
for cool down of the chamber, itself, from BWTE. 

A subsequent reservoir chiller was designed, fabricated, tested, 
and delivered to MSFC. An acceptance test was designed complete with 
a reservoir thermally similar to that anticipated for the end item 
usage. Test results established the accuracy of the thermal model as 
well as unit compliance with alT specifications as stated in the 
modified contract. Finally, calculations were made using this ther- 
mal model in order to predict the unit performance under various 
other conditions. 
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2. INTRODUCTION 

Thermoelectrics are finding increased utilization in aerospace 
applications as a result of characteristics particularly compatible 
with requirements. Thermoelectrics have the advantage of being, able 
to heat, cool, and modulate temperatures by a simple feed back s ,iinput 
current control. Having no moving parts, these control systems are 
generally lighter, smaller-sized, and are potentially more effective 
and reliable than competing temperature control systems. 

The concept of applying thermoelectrics to cloud chambers was 
introduced by Dr. Kassner of the University of Missouri-Rolla. 
Borg-Warner Thermoelectrics (BWTE) supplied the thermoelectric modules 
and provided some technical assistance for this application. BWTE had 
and still has reservations about achieving the degree of isothermal 
precision required over a large set of thermoelectrics.. However, BWTE 
has made every effort to be fully responsive to program requirements 
even though not formally committed contractually. Indeed, design 
conceptualization underwent several phases in response to Marshall 
Space Flight Center's (MSFC) requests even though each concept 
technically met all contract requirements. The final phase involved a 
redefinition of the scope of effort and corresponding contract 
modification. All requirements of the modified contract were met by 
BWTE. 
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3. PHASE 1 - MODULES 


The initial phase of this program was discussed in detail in the 
BWTE proposal dated May 28, 1975 submitted in response to MSFC RFP 
#8-1-5-60-01462. Basically, it involved the thermal /mechanical design 
of a system for cooling an expansion- cloud chamber using single stage 
thermoelectric modules (see Figures 3.1 and 3.2). 

3.1 Mechanical Design 

Thermoelectric modules were evenly distributed over the surface of 
the cloud chamber. On sections 2 and 3, six modules were assumed on 
each of the 32 flats, or a total of 192 modules per section. 
Maintaining the same "packing density" of thermoelectrics, 64 modules 
were placed on each end of the cloud chamber, sections 4 and 5 as well 
as on the middle section 1. Half modules were used around the 
viewports and on the cloud chamber ends and were included in the total 
module count. The total number of modules in the system was, 
therefore, 576. 


3.1.1 Heat Sink Considerations - For maximum isothermal con- 
ditions, counterflow aluminum heat sinks were chosen. Three separate 
heat sinks were considered to cover each of the 32 flats around the 
periphery of the cloud chamber, one heat sink each on sections 2 and 
3, and one on section 1. The water inlet and outlet was provided on 
each end of the chamber. Additional heat sinks covering the modules 
on the ends of the chamber were also fed from the water input at the 
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FIGURE 3.1 Expansion Cloud Chamber 
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FIGURE 3.2 Method of TE Device Attachment 
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respective ends. To provide parallel flow equalizing pressure drop 
and flow rate in each section, a "gas burner type" manifold for the 
input and output water was provided at each end of the chamber. 

3.1.2 Physical Attachment - To minimize the thermal attach- 
ment load a "hoop" type compressive mounting system was developed for 
this application. A series of cylindrical hoops with inside 
dimensions approximately 1/2" larger than the outside dimension of the 
heat sinks, drilled and tapped to hold set screws, were provided. A 
set screw in the hoop was positioned over each heat sink. Tightening 
the set screws evenly provided balanced clamping forces to each heat 
sink. Using this system there was no thermal contact between the heat 
sinks and the cloud chamber, and consequently no attachment heat load. 
On the ends of the chamber the mounting system is more difficult, so 
128 1" long insulated stainless steel screws were provided to mount 
the heat sinks. With this mounting design concept developed, the 
initial system thermal analysis and module design was initiated. 

3.2 Thermal Design 

3.2.1 Requirement Summary 

3. 2. 1.1 Chamber Temperature - The chamber temperature 
was to be operated at a maximum temperature of 110°F and a minimum of 
-15°F. 


3. 2. 1.2 Heat Sink - The heat exhausted by the thermo- 
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electrics was to be dissipated by a heat sink which was, in turn, 
cooled by a flow of water. The water inlet temperature was 60 to 
80°F. The water flow rate was 100-300 Ibs/hr. 


3. 2. 1.3 Supply Voltage - The available ranges of 
supply voltage were 15-22 volts, or 32-40 volts. Maximum system power 
budget was 1.5 kilowatts. 

3. 2. 1.4 Performance Prediction - The cool down rate 
and minimum temperature obtainable with the proposed system was to be 
estimated. 


3. 2. 1.5 Thermal Loads - The thermal load distribution 
from various sources was to be determined together with a development 
of techniques to minimize these various thermal loads. 

3.2.1 .6 Module Design - The optimum number of modules 
to be series-connected was to be determined. The smallest adequate 
lead wire size was to be used. 

3.2.2 Thermal Load Calculations - Initial calculations of 
the heat sink water temperature rise at maximum input power indicated 
a minimum of 20 to 60°F depending on water flow rate. Consequently, 
equations were developed for each source of thermal load as a function 
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of the cold chamber temperature, the heat sink temperature, and 
ambient temperature. 


3. 2. 2.1 Radiation - The view factor of the radiation 
surfaces was assumed to be 1.0. The emissivity of these surfaces was 
assumed to be 0.4. The effective emissivity of the two plates was 
calculated according to equation 3. 2. 2. 1.1: 

3. 2. 2. 1.1 e ~ ^ ~ 1 = 0.25 

e l e 2 

' where: c-j = = 0.4 

The equation for the total radiative thermal load on the cold chamber 
is given in equation 3. 2. 2. 1.2: 

3. 2. 2. 1.2 QR = ceA 0 (THHS 4 - TCCH 4 ) 

where: a = 3.659 x 10 -I1 gj|4 

in i\ 

TCCH = Chamber Temperature 
THHS = Heat Sink Temperature 
A 0 = Chamber Outside Area 

3.2. 2. 2 Convecti on/ Conduct! on - The ambient air pres- 
sure for convection/conduction loss calculations was assumed to be 15 
psia. The thermal load for this condition was calculated by simply 
assuming air conduction loss between the plates. It was determined 
that natural convection losses in this air space were negligible 
compared with conduction losses. The equation for air conduction loss 
is given in equation 3. 2. 2. 2.1: 
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3. 2. 2. 2.1 QC = y" K a (THHS - TCCH) 

where: L = Distance Between Plates 

k = Thermal Conductivity in Air 

a 

3. 2. 2.3 Windows - The proximity of the windows to the 
heat sinks was such that the heat sink temperatures were not 
instrumental in the thermal load due to the windows , i.e. the thermal 
load due to the windows was a function of the ambient temperature and 
the chamber temperature. The equation for the heat load due to 
windows is given in equation 3. 2. 2. 3.1: 

3. 2. 2. 3.1 QW = h A w (TANB - TCCH) 

where: h = 2 BTU/hr ft 2 °F 

A w = 169 in 2 

TAMB = Ambient Temperature 

3. 2. 2. 4 Lamps - Two 30-watt lamps were assumed with 
89% transmission losses. Therefore, the thermal load due to the lamps 
was 6.6 watts constant for the system. 

3.2.2. 5 Attachment -The mechanical description 
formulated in Section 3.1 indicated the usage of 128 one inch long 
stainless steel #4 machine screws to mount the thermoelectric modules 
in compression between the heat sinks and chamber on either end of the 
chamber. The following equation was generated which expresses the 
heat short or thermal load due to these stainless steel screws: 
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3. 1.2. 2. 5.1 QA = N s k s ^ (THHS - TCCH) 

where: N$ = Number of screws 

= Thermal conductivity of screws 

A s = Cross-sectional area of one 
screw 

L s = Length of screw 


3.2.3 Design Model - The mathematical model used for design 
calculations is shown in Figure 3. 2. 3.1. Indicated thermal loads were 
calculated according to the equations developed in Section 3.2.2. The 
water flow passage was designed to form a single loop to minimize 
thermal gradients in the heat sinks. A nominal value of 5W/°C/in was 
assumed for the thermal contact resistance between the modules and 
mounting surfaces. 

Thermal analysis of the system indicated a significant heat sink 
limitation resulting in a relatively high heat sink temperature rise 
in the maximum power condition. Consequently, it was discovered that 
the combination of highest flow rate, 300 lb/hr, and lowest 
temperature, 60°F, of coolant water together with the optimized 
application of the highest quality thermoelectric material was 
required to meet the low temperature specification. The results of 
the design calculations are given in Table 3. 2. 3.1: 
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THERMAL LOADS 

QR - Radiation Load 
QC - Conduction Load 
QL - Lamp Load 
QW - Window Load 
QA - Attachment Load 

HEAT SINK 

TWI - Inlet Water Temperature 
TV/0 - Outlet Water Temperature 
- WFRFR - Water Flow Rate 


TEMPERATURES 

TCTE - Cold Side of Thermoelectrics 
THTE - Hot Side of Thermoelectrics 
TCCH - Chamber 


HEAT FLUX 

QCTE - Heat Pumped by Thermoelectric 
Module 

QHTE - Heat Exhausted by Thermoelec- 
tric Module 


FIGURE 3. 2. 3.1 Thermal Design Model 


12 






Table 3. 2. 3.1 

THERMOELECTRIC MODULE SYSTEM DESIGN DATA 


Mechanical Description System Power Conditions 


HT SNK (WT*MIN/F) = 

202.00 

APPLIED VOLTAGE 

— 

20.0 

CHAMBER (WT*MIN/F) = 

■ 255.00 

INITL CURNT (AMPS) 

= 

90.6 

INSD AREA (SQ IN) = 

907.00 

FINAL CURNT (AMPS) 


74.1 

OUTSD AREA (SQ IN) = 

1120.00 

INITL POWER (WATTS) 

= 

1811.1 

HEAT SINK EFF 

0.95 

FINAL POWER (WATTS) 


1481.2 

WTR FLW RT (LB/HR) = 

300.00 




Thermoelectric Parameters 

Thermal Loads (Watts) 

NUMBER OF STRINGS = 

18.000 

RADIATION 

— 

45.40 

MODULES/STRING 

32.000 

CONV/COND 

- 

193.41 

COUPLES/MODULE 

7.000 

WINDOWS 

= 

51 .52 

T.E. L/A (/CM) 

7.820 

ATTACHMENT 

= 

20.42 

T.E. COP 

0.216 

LAMPS 

= 

6.60 



TOTAL 

= 

317.42 

Temperatures (Deg 

n 





CHAMBER 

= -14.91 

T.E. COLD 

= -15.11 

T.E. HOT 

= 82.35 

HEAT SINK 

= 81.29 

WATER IN 

= 60.00 

WATER OUT 

= 80.23 


3.3 Transient Performance Calculations 

A computer simulation program was generated with the constraints 
outlined, in the thermal model shown in Figure 3. 2. 3.1. The pertinent 
results are shown in the transient cool down performance curve of 
Figure 3.3.1. It is observed that the chamber temperature is very 
nearly at equilibrium within one hour after power turn-on, and is 
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APPLIED VOLTAGE = 20 Volts (constant) 


HEAT SINK (°F) 


CURRENT (AMPS) 



CHAMBER (°F) 


FIGURE 3.3.1 Transient Cool-Down Performance 
(Single-Stage TE) 





truly at equilibrium within two hours after initial turn-on. Figure 
3.3.2 illustrates the build-up of the thermal load components as a 
function of time after initial power turn-on. 

3.4 Conclusions 

The concern for the design generated in this initial phase of the 
contract was that the assumed conditions of 60°F space lab water at 
300 Ib/hr flow rate and full power budget of 1.5 k.w could not be 
realized simultaneously on a continual basis in practice. 
Furthermore, concern was expressed by BWTE that the large module AT 
required (97.5°F) would augment thermal variance between modules. 
Therefore, a pre-cooler concept was introduced to correct these 
shortcomings and a second phase of the program was initiated. 
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THERMAL LOAD (WATTS) 



FIGURE 3.3.2 Transient Thermal Loads on Chamber 
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4. PHASE 2 - PRE-COOLER PLUS MODULES 

The concept of pre-cooling the liquid coolant in the cloud chamber 
heat sinks was studied. The advantage of this approach was that the 
heat sink temperature could be maintained closer to the desired 
temperature in the cloud chamber using the thermoelectrics on the 
cloud chamber as trimmer coolers rather than primary coolers. This 
would result in much closer temperature control of the cloud chamber. 

The thermal model is shown in Figure 4.1. In order to eliminate 
as many variables as possible the space lab flow rate-specific heat 
product was set to 200 BTU/hr°F by MSFC. The effect of chamber inlet 
temperature on the design of the pre-cooler and chamber 
thermoelectrics is shown in Figure 4.2. It is clear from this figure 
that the optimum chamber heat sink inlet temperature was approximately 
20°F. therefore, all subsequent calculations were made using this 
value. 

Calculations were made on the effect of heat sink effectiveness on 
the system design. It was clear from those results that neither the 
chamber heat sink nor the pre-cooler effectiveness had a very dramatic 
effect on the input required. Therefore, the most reasonable combina- 
tion of these values was chosen for subsequent calculations, namely 
0.80 for both heat sinks. 

The predicted performance of the pre-cooler/chamber system is 
shown in Figure 4.3. Since the size and weight of the pre-cooler were 
unknown, several cases were generated to illustrate the effect of the 
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PRE-COOLER 



FIGURE 4.1 Model for Pre-Cool er/Chamber System 
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FIGURE 4.2 Effect of Chamber Inlet Temperature 
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FIGURE 4.3 Pre-Cooler System Transient Performance 
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pre-cooler weight. Additionally, the input power to the pre-cooler as 
well as the chamber was increased to the largest acceptable values to 
yield the fastest cool down times achievable with this systems 
approach. 

Since the cool down time was approximately 2-4 hours, an alternate 
design approach was considered. That is, the limiting factor in cool 
down time was the large thermal mass of the pre-cooler water loop. In 
the alternate design, the pre-cooler is completely eliminated and a 
staged thermoelectric cooler is used between the chamber heat sink and 
the chamber wall. This 3rd phase of activity is described in the next 
section. 
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5. PHASE 3 - CASCADES 

5.1 Design and Performance Calculations 

The configuration studied in this phase of the program was 
identical to that described in Phase 1 with one exception: The 
thermoelectric module as shown was replaced with a multi-stage 
thermoelectric cascade. Results of the effect of thermoelectric 
cascading on steady-state performance are shown in Figure 5.1.1. It 
is observed that the two-stage case required approximately the same 
input power as the optimized pre-cooler/chamber system described in 
Phase 2. Indeed, thermoelectrically they are nearly equivalent. 

Transient cooling characteristics of an optimized 2 and 3-stage 
cooler are shown in Figures 5.1.2 and 5.1.3, respectively. It is 
observed that, in spite of the higher efficiency of the three-stage 
cooler, the transient performance in the region of interest is 
practically identical. This is due to the added mass and distributed 
heat pumping of the 3-stage unit versus the more compact 2-stage unit. 
Consequently, subsequent efforts concentrated on the two-stage design. 

Further calculations showed that a slight improvement in the 
initial cooling transient was evidenced by increasing the thermal mass 
of the heat sink. Of course, a more dramatic effect could be obtained 
by decreasing the thermal mass of the chamber. The calculations for a 
chamber with 1/2 the mass of the original design (wall thickness 
approximately 0.31" versus 0.625") are shown in Figure 5.1.4 for a 
two-stage cascade. This represented the best performance that could 
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2-STAGE TE: CA0851 106-16-7 
CHAMBER MC p * 255 watt-min/°F 
HEAT SINK MCp = 202 watfmin/°F 
APPLIED POWER = 1.5 kw (constant) 

CURRENT (AMPS) 

HEAT SINK (°F) 



j* JBI " 1 ’ " ™" 1 ' " " 1 r ' '“V" - - 1 " " 1 |“ | “T 

10 20 30 40 50 60 70 80 

ELAPSED TIME (MINUTES) 


FIGURE 5.1.2 Transient Performance - 
Two Stage Cascade 
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3-STAGE TE: CA0550514-34-T 6-11 

CHAMBER MCp - 255 watt-mWF 
HEAT SINK MC p = 202 mtfmvl F 
APPLIED POWER - 15 « (constant) 



FIGURE 5.1 .3 


Transient Performance - 
Three Stage Cascade 
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2-STAGE TE: CA08511 06-1 6-7 
CHAMBER MCp = 127.5 watt-min/°F 



FIGURE 5.1.4 Transient Performance - Two Stage Cascade 
With Reduced Chamber Mass 
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be expected under the imposed constraints. Any further reduction in 
wall thickness decreases the "thermal filtering" and jeapordizes the 
ability to achieve desired isothermal conditions. 

5.2 Hardware Delivery 

In anticipation of utilizing similar coolers in the final design, 
MSFC placed an order for 40 two-stage cascades. Model #952-16-7, for 
use in a test designed by MSFC personnel. These coolers were 
different from those in Figures 5.1.2 and 5.1.4 in thermoelectric 
pellet dimensions. That is, the 952-16-7 cooler is fabricated from 
pellets 0.055" x 0.055" in cross-section by 0.063" high; whereas the 
CA0851106-16-7 cooler is fabricated from pellets 0.085" x 0.085" in 
cross-section by 0.1106" high. 

5.3 Transient Specifications 

It was at this point in the program that BWTE was first made aware 
of certain transient cooling specifications required for the proper 
execution of the cloud physics experiments. These desired cooling 
specifications are shown in Figure 5.3.1. This data was entered into 
the computer program and a simple thermostatic approach was applied. 
That is, the cooler power was full on if the chamber temperature was 
above the curve and completely off otherwise. The results of these 
calculations are shown in Figures 5.3.2 and 5.3.3 for the two respec- 
tive cool down specifications. (The observed oscillations were arti- 
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Thermostatically Applied Power = 1500 Watts^ 
Chamber MCp = 127.5 Watt'Min/°F 
Heat Sink MCp = 404.0 Watt‘Min/°F 
Flow Rate MCp = 300 BTII/HR °F at 60°F 



Cloud Chamber, Case I 
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Thermostatically Applied Power = 1500 Watts 
Chamber MCp - 127.5 Watt-Min/°F 
Heat Sink MCp = 404.0 Watt-Min/°F 
Flow Rate MCp = 300 BTU/HR °F at 60° F 



Cloud Chamber, Case 2 
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facts of the program due to arbitrary time interval selections.) 

Every attempt was made to maximize performance: The full power 
budget of 1.5 kw, the maximum heat sink flow rate of 300 BTU/hr°F, the 
minimum heat sink flow temperature of 60°F, a "double-sized" heat sink 
mass, and a "minimum" chamber wall thickness of 0.31 inches. 
Nevertheless, the steeper portions of the spec, ’curves could not be 
met in either transient case. 

Furthermore, fundamental calculations based solely on the required 
cool down rate and the chamber mass revealed that 2960 watts of heat 
pumping was required down to 14°F chamber temperature. Consequently , 
the required Coefficient of Performance COP = heat pumped input 
power, was approximately 2.0. This value was totally unattainable by 
any thermoelectric device operating over the required 66°F temperature 
differential . 

It was concluded from the above calculations that thermoelectrics 
could not provide the degree of cooling on a real time basis to meet 
the desired transient condition given in Figure 5.3.1. Although this 
transient was not a contractual requirement on the part of BWTE, MSFC 
decided to seek yet another approach. This involved a totally 
different method of cooling the chamber and a redefinition of the 
scope of effort required by BWTE. This fourth and final phase of this 
contract is discussed in the following section. 
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6. PHASE 4 - RESERVOIR CHILLER 


This final phase of the contract required a contract modification 
to formally redefine the scope of effort. In general, the revised 
statement of work was concerned with the thermoelectric cooling of a 
liquid reservoir which was to be used, in turn, to cool the chamber. 
The cool dowm of the chamber itself was no longer the responsibility 
of BWTE. 


6.1 Design ' 

The conceptual schematic of the expansion chamber thermal control 
system is shown in Figure 6.1.1. The thermoelectric chiller on which 
BWTE was to concentrate its activities is shown in more detail in 
Figure 6.1.2. Due to the constraints of funding and delivery 
schedule, it was mutually decided that BWTE utilize approximately 1100 
watts input power and simply design the chiller to extract the maximum 
heat with the cold side at -30°C and the hot side at +30°C. 

6.1.1 Thermoelectric - A two-stage design was chosen for 
this application. The optimum couple ratio from the bottom stage to 
the top stage was 2 to 3 depending on the final operating temperatures 
of the respective sinks. The best mechanical versus thermal trade-off 
in design was to use a standard 12 x 12 T.E. pellet array as the 
bottom and a standard 8 x 8 T.E. pellet arrray as the top stage.. 
These stages had different heights but identical width envelope 
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FIGURE 6.1.1 Conceptual Schematic of Chamber 
Thermal Control System 
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dimensions so that the assembled cascade had the overall appearance of 
a single parallelpiped module as opposed to the normal pyramid 
structure. The resulting couple ratio was 70/31 or 2.26 in good 
agreement with optimization requirements. 

The resulting optimum input power for each thermoelectric cascade 
was 5.75 volts at 3.0 amps. Since the maximum allowed system voltage 
was 22 volts, three cascades in series were selected yielding a system 
voltage of 17.3 volts. An even number of these 3 cascade sets was 
required due to the symmetry of the design (Figure 6. 1.1.1). Conse- 
quently, 18 sets were chosen yielding an input power requirement' of 
17.3 volts at 54.0 amps. The calculated heat pumping at the design 
point was 2.5 watts per cascade or 135 watts for the system. In the 
turn-on condition when the entire system was at ambient, the heat 
extraction rate was about 500 watts. The net heat extracted from the 
fluid, of course, was si ightly lower than these values due to thermal 
losses. 


The electrical resistance was measured on each cascade 
manufactured. The observed range was 1.58 to 1.70 ohms. The two 
resistance extremes were chosen, in addition to two other cascades 
selected at random, for zero load AT measurements. The results are 
given in Table 6. 1.1.1: 
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HOT FLUID 



HOT FLUID 


FIGURE 6.1 .1 .1 Concept o.f Flu i 
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Table 6. 1.1.1 

CASCADE TEST RESULTS, HEAT SINK = 35°C 


Serial No. 

I (amps) 

V{volts) 

AT(°C) 

Q (watts) 

Res . (ft) 

8 

4.08 

8.37 

90.5 

0.0 

1.70 

17 

4.10 

7.60 

87.0 

0.0 

1.58 

25 

4.02 

7.95 

90.5 

0.0 

1.65 

39 

4.07 

7.90 

91 .7 

0.0 

1 .62 

Predicted 

4.05 

7.50 

89.0 

0.0 

1.58 

Predicted Opt. 

3.03 

5.75 

65.0 

2.5 

1.58 

The observed 

performance variance 

within this 

set of cascades was 

due most likely 

to 

thermoelectric 

material 

parameter 

variance. 


However, none were rejected since the average of the coolers tested 


exceeded the expected cooling performance. 


6.1.2 Heat Sinks - The envelope dimensions of the heat sinks 
were designed to be consistent with the layouts of the thermoelectric 
designs. Finned passages were used such that the maximum expected AT 
between the sinks and the outlet fluid was 5.8°C and 1.2°C for the hot 
and cold sinks, respectively. 

6.2 Assembly 

A complete set of drawings was generated governing the fabrication 
of the thermoelectric chiller. The main assembly drawing was given 
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the BWTE number: 2600-0018, dated 7/2/76. The various stages of 
assembly are depicted in Figures 6.2.1 through 6.2.4. 

6.3 Acceptance Test 

An acceptance test was designed as shown schematically in Figure 
6.3.1. The 12" x 18" x 18" reservoir was insulated with 4" of poly- 
urethane. The cold fluid piping was insulated with 2" (on radius) of 
Armstrong insulation with K = 0.0208 BTU/hr ft °F. The total length 
of the piping was 5.2 ft. Figures 6.3.2 and 6.3.3 are photographs of 
the system assembled as ready for test. 

A zero load AT test was made prior to the system simulation test. 
This test differed from the system test in that no cold fluid was 
allowed into the chiller. This test, of course, had a much faster 
transient and allowed a determination of the quality of the 
thermoelectric chiller apart from the system parameters. Detailed 
test measurement data sheets from both tests are given in Tables 6.3.1 
and 6.3.2. 


6.4 Analysis - The calculated heat loss conductance of the cold 
system was 0.4859 watts/°C with 0.2536 watts/°C due to the reservoir 
and 0.2323 watts/°C due to the piping. The thermal capacitance of the 
cold system minus the chiller was 2560 watt min/°C. The heat sinks 
plus the water contained in them was 242.7 watt min/°C. The cold sink 
alone (zero load test) was 33.8 watt min/°C and filled with the 
ethylene glycol-water mixture was 49.9 watt min/°C. 


37 





FIGURE 6.2.1 




. 


A 


FIGIJRE 6.2.2 






FIGURE 6.2.3 




FIGURE 6.2.4 








FIGURE 6.3 SCHEMATIC OF APPARATUS 
FOR ACCEPTANCE TEST 
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FIGURE 6.3.2 







FIGURE 6.3.3 




TABLE 6.3.1 

NO LOAD AT MEASUREMENT: MARSHALL CHILLER Date 9/5/76 

(IMin/Set of Readings) 


Reading 

Units 

J^<Meter 

Position 

t=0 

t=5 min 

t=10 min 

t=15 min 

t=20 min 

t=25 min 

t=30 min 

IKETCraUGISH 

msm 


1890 

1890 

1890 

1890 

1890 

1890 

1890 

Water Flow 
Lower Sink 

|||ggg| 

1890 

1890 

1890 

1890 

1890 

1890 

1890 

Appl ied 
Voltage 

VDC^^-^^ 

0 

19.2 

19.2 

19.0 

19.0 

19.0 

19.0 

Appl ied 
Current 


0 

62 

61 

61 



60.8 

60.8 

60.8 

th 

Cascade #42 

mmk 

18.8 

26.3 

25.3 

HU 

24.6 

24.5 



24.5 

Th Stage #1 
Cascade #42 

°c 

20.9 

25.1 

26.2 

. - 

26.6 

26.7 

26.7 

26.7 

Tc 

Cascade #42 

°C 

A3 

19.3 

-27.5 

-42.7 

-47.4 

-49.3 

-50.0 

-50.2 

T-Upper Sink 
Inlet End 


18.9 

19.4 

19.0 

+19.0 

' 19.0 

18.8 

19.1 

T-Upper Sink 
Middle 

°C 

18.8 

23.9 

22.9 

22.0 

21 .8 

22.5 

21.6 

T-Cold Exch. 
Upper Plate 
Inlet End 

°C 

A6 

19.2 

-22.6 

-38.7 

-44.7 

-46.9 

-47.7 

-48.0 

T-Cold Exch. 
Upper Plate 
Middle 

°C 

A 7 

19.2 

-28.8 

-43.2 

-48.4 

m 

-51.0 

-51.2 

T-Cold Exch. 
Upper Plate 
Outlet End 

°C 

A8 

19.3 

-25.3 

-40.9 

-46.4 

-48.5 

-49.3 

-49.5 



























































































Table 6 1 3 . 1 (Con't) 

NO LOAD AT MEASUREMENT: MARSHALL CHILLER 
{1 Min/Set of Readings) 


Reading 

Units 

^-"-'Meter 

Position 



t=10 min 

t=l 5 min 

t=20 min 


t=30 min 

T-Cold Exch. 
Lower Plate 
Inlet End 

°c 

A9 

19.3 

-25.0 

-40.1 

-46.1 

-48.3 

-49.2 

-49.2 

T-Lower Sink 
Inlet End 

°r 

A10 

18.9 

21.4 

20.3 

20.4 

20.3 

20.3 

20.1 

T-Stage 
Cascade #9 

°c ^ — " L 

— — A1 1 

18.9 

27.8 

26.6 

26.2 

26.1 

26.0 

25.9 

T- Ethylene 

Glycol 

Outlet 

°C 

^^"A12 









op 

B1 

64.5 

64.1 

64.1 

63.9 

63.8 

63.7 

63.6 

T-Outlet H 2 0 
Upper Sink 

o r 

B2 

64.5 

73.1 

72.9 

71.6 

71.3 

71 .1 

71.1 

T-Inlet H z 0 
Lower Sink 


64.6 

64.3 

64.3 

64.1 

64.0 

64.0 

63.8 

T-Outlet H 2 0 
Lower Sink 


64.8 

73.2 

72.4 

71.9 

71.6 

71.6 

71.5 












































TABLE 6.3.2 

MARSHALL CHILLER PERFORMANCE TEST 


Date 9/7/76 


Reading 

Units 

.✓"Iteter 

Position 

t=0 

t=1 5 min 

t=30 min 

t= 1 hr. 

t-2. hrs. 

t=3 hrs. 

Water Flow 
Upper Sink 



1890 

1890 

1890 

1890 

1890 

1890 

Water Flow 
Lower Sink 

"m^/n^ 

1890 

1890 

1890 

1890 

1890 

1890 

Appl ied 
Voltage 


0 

18.5 

18.4 

18.5 

18.3 

18.5 

Applied 

Current 


0 

61 .6 

61.5 

62.0 

61 .0 

60.8 

th 

Cascade M2 


18.3 

27.2 

27.2 

26.8 

26.1 

26.0 

Tn-Stage #1 
Cascade #42 

E^Sl 

19.6 

25.7 

26.6 

27-0 

26.3 

26.0 

Tc 

Cascade #42 


24.3 

15,3 

12.8 

8.0 

-0.2 

-6.4 

T-Upper Sink 
Inlet End 


18.2 

19.5 

19.6 


19.0 

19.1 

T-Upper Sink 
Middle 

bh@ 

18.4 

25.7 

25.1 

25.5 

' 24.9 

25.7 

T-Cold Exch. 
Upper Plate 
Inlet End 

°C 

A6 

24.4 

19.5 

16.7 

11.7 

3.3 

-3.3 

T-Cold Exch. 
Upper Plate 
Middle 

°C 

A7 

24.3 

14.7 

12.2 

7.4 

-0.7 

* 

-6.9 

T-Cold Exch. 
Upper Plate 
Outlet End 

°C 

A8 

24.3 

13.8 

11 .5 

mm 

-1.3 

-7.4 





































Table 6.3.2 (Con't) 

MARSHALL CHILLER PERFORMANCE TEST 


Reading 

Units 

^^fleter 

3 osition 

t=0 

t=15 min 

t=30 min 

t=l hr. 

t=2 hrs. 

t=3 hrs. 

T-Cold Exch. 
Lower Plate 
Inlet End 

°C 

A9 

24.8 

20.0 

17.2 

12.0 

■a 

-3.5 


°C 

J>-^A10 

18.4 

23.5 

23.6 

23.5 

22.6 

22.2 

T-Ethylene 

Glycol 

Inlet 

°C 

All 

25.0 

■■ 

19.4 

14.0 

■a 

-2.3 

T-Ethylene 

Glycol 

Outlet 

°C 

A12 

mm 

17.0 

14.8 

10.0 

1.4 

-5.6 


°F 

B1 

63.0 

62.4 

62.2 

62.3 

61.3 

62.2 

ISsISHnaH 

op _ 

JL— B2 

63.1 

73.0 

72.7 

72.1 

71.4 

71.8 

T-Inlet H 2 0 
Lower Sink 

mm 

63.5 

63.3 

63.1 

62.8 

. 

62.5 

62.8 

T-Outlet H 2 0 
Lower Sink 

°F 

B4 

64.0 

74.0 

73.7 

73.0 

72.4 

72.5 

Pump 

I/V 

AMP/VOLT 

1.27/12.0 

1.26/11.9 

1.26/11.9 

1.30/12.0 

1.35/12.0 

1.36/1.20 




250 

262 

258 

250 

248 








































































Table 6.3.2 (Con't) 

MARSHALL CHILLER PERFORMANCE TEST 


Reading 

Position 

t=4 hrs. 

t=5 .2 hrs. 

t=6 hrs. 

t=7 hrs. 

t=7 hrs. 
53 min. 



ml/nv^ 

1890 

1890 

1890 

B 



Water Flow 
Lower Sink 

| 

1890 

1890 

1890 

1890 



Appl ied 
Voltage 

VDC^^-^'' 

18.3 

18.3 

18.6 

18.6 



Appl i ed 
Current 

AMPS^^-^' 

59.6 

60 

60.0 

60 



th 

Cascade #42 

A1 

25.8 

24.9 

25.2 

24.8 



T^-Stage #1 
Cascade #42 

A2 

25.6 

25.3 

25.3 

24.9 



T 

Cascade #42 

A3 

“12.9 

-18.7 

-22.0 

-25.3 



T-Upper Sink 
Inlet End 

A4 

19.0 

18.8 

18.9 

18.5 



T-Upper Sink 
Middle 

H3SI 

25.1 

23.9 

24.2 

23.2 



T-Cold Exch. 
Upper Plate 
Inlet End 

°c 

A6 

-10.1 

-16.1 

.. 

-19.5 

-22.9 



T-Cold Exch. 
Upper Plate 
Middle 

°C 

A7 

-13.4 

-19.2 

wm 

-25.7 



T-Cold Exch. 
Upper Plate 
Outlet End 

°C 

A8 

-13.7 

-19.4 

-22.5 

-25.6 






















































Table 6.3.2 (Con't) 

MARSHALL CHILLER PERFORMANCE TEST 


Reading 

un, >Mstsr 

.^Position 

t=4 hrs. 

t=5.2 hrs. 

t=6 hrs. 

t=7 hrs. 

t=7 hrs. 
53 min. 


T-Cold Exch. 
Lower Plate 
Inlet End 

°C 

A9 

-10.4 

-16.3 

-19.9 

-23.5 



T-Lower Sink 
Inlet End 

°r ^ — 

_^>-^A10 

21.5 

21.3 

21.2 

20.4 



T-Ethylene 

Glycol 

Inlet 

°C 

.^"All 

-9.7 

-16.0 

-20.0 

-23.6 

-26.3 


T-Ethylene 

Glycol 

Outlet 

°C 

^^A12 

-12.5 

-18.2 

-21.8 

-25.1 

-28.6 


BrcESEfflaB 

°F 

— B1 

62.3 

61.6 

62.1 

62.0 



BBsE SEMI 

°F 

— B2 

71.4 

70.2 

71.0 

1 


n pump 

HKjJRJgM 

°F ^ 

B3 

63.2 

62.7 

63.2 

62.7 



T-Outlet H 0 
Lower Sink 


72.2 

71.3 

71.7 

70.5 



Pump 

I/V 

AMP/VOLT 

1.35/11.8 

1.58/13.1 

2.0/15.0 

2.55/17.6 




— 

240 

220 

230 

215 



170 































A summary of the calculated parameters at the transient condition 
where calculations were arbitrarily terminated is given in Tables 
6.4.1 and 6.4.2 for both test simulations. The calculated results of 
the most important system parameters throughout the entire cool down 
period are shown as the solid curves in Figures 6.4.1 and 6.4.2. The 
actual test data are plotted onto these calculations for comparison. 

It is observed that the actual current is below the predicted 
values. This is due to the lower calculated versus measured cascade 
resistance as shown in Table 6. 1.1.1. However, the cool down 
characteristics illustrated in Figures 6.4.1 and 6.4.2 were in 
excellent agreement with predictions. The fact that the heat sink ran 
at lower than predicted temperatures was consistent with lower than 
calculated power consumed and exhausted into the heat sinks. 

Improvements could be made in the thermal model by determining the 
parameters of the actual thermoelectric material composing the 
cascades and exchanging the resulting formulae with the "standard" 
formulae utilized in the model. Nevertheless, the basic thermal model 
is sufficiently accurate for use as a tool to study various parameti- 
zations of the system. 

6.5 Performance Predictions 

Performance prediction calculations were made using ■ the computer 
model verified by the acceptance tests. No attempt was made to improve 
or otherwise change the mathematical model, thus, the same slight dis- 
crepancy in electrical current and corresponding heat sink temperature 
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TABLE 6.4.1 


Date 11/11/76 


ZERO LOAD AT PERFORMANCE DESCRIPTION 
54 TE UNITS, MODEL NO. CX952-70-31 
WIRED AS 18 PARALLEL SETS OF 3 UNITS IN SERIES 


Thermoelectric Device Physical Description 

Height (inch) = 0.4300 Weight (grams) = 21.129 
Resistance (ohm) - 1.579 

Cold MCP per TE Device (Watt sec/C) = 0.37528E+02 
Hot MCP per TE Device (Watt sec/C) = 0.26973E+03 


Cold, Hot, Interstage Conductivity 

(Watt/Sq in/C) 

= 6.3, 6.3, 20.0 

TE Material 

COMM 

COMM 

Couple Distribution 

70.00 

31. 00 

Pellet Width (inch) 

0.0550 

0.0850 

Pellet Length (inch) 

0.0630 

0.1510 

Stage Area (Square inch) 

1 .4400 

1.4400 

Alumina Thickness (inch) 

0.0300 

0.0300 

Bus Bar Thickness (inch) 

0.0150 

0.0320 

Exchanger Factor 

Hot 

Cold 

Fluid Type 

Water 


Plate Temperature (°K) 

297.54 

219.83 

Inlet Temperature (°K) 

291 .00 


Outlet Temperature (°K) 

295.64 

219.83 

Heat Out of Fluid (Watt) 

-1223.49 

0.00 

Plate to Plate Loss (Watt) 

15.22 

15.22 

Prandtl Number 

7.07451 


Reynolds Number 

58.63 

0.00 

Nusselt Number 

6.4963 


Heat Transfer Coefficient 

127.9112 


Pressure Drop (in H20) 

0.1087 

0.0000 

Bend Factor (in H 2 O) 

0.0013 

0.0000 

Flow Rate (Ib/hr) 

500.00 

0.00 

Exchanger Weight (Lb) 

41 .75 

11.60 

Fin Length (inches) 

12.000 

12.000' 

Fin Height (inches) 

1 .205 

0.510 

Fin Thickness (inches) 

0.015 

0.015 

Number of Fins 

32.00 

32.00 

Fin Epsilon 

0.70948 
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TABLE 6.4.2 

SYSTEM PERFORMANCE DESCRIPTION 
54 TE UNITS, MODEL NO. CX952-70-31 
WIRED AS 18 PARALLEL SETS OF 3 UNITS IN SERIES 


Thermoelectric Device Physical Description 

Height (inch) = 0.4300, Weight (gram) = 21.129, Resistance (ohm) = 1.579 

Cold MCP per TE Device (Watt Sec/C) = 0.55448E+02 

Hot MCP per TE Device (Watt Sec/C) = 0.26973E+03 

Cold, Hot, Interstage Conductivity (Watt/sq in/C) = 6.3, 6.3, 20.0 


■TE Material 

Couple Distribution 
Pellet Width (inch) 
Pellet Length (inch) 
Stage Area (Square inch) 
Alumina Thickness (inch) 
Bus Bar Thickness (inch) 


Exchanger Factor 
Fluid Type 

Plate Temperature (°K) 
Inlet Temperature (°K) 
Outlet Temperature (°K) 
Heat Out of Fluid (Watt) 
Plate to Plate Loss (Watt) 
Prandtl Number 
Reynolds Number 
Nusselt Number 
Heat Transfer Coefficient 
Pressure Drop (in H20) 

Bend Factor (in H 2 O) 

Flow Rate (Ib/hr) 

Exchanger Weight (lb) 

Fin Length (inches) 

Fin Height (inches) 

Fin Thickness (inches) 
Number of' Fins 
•Fin Epsilon 


COMM 

COMM 

70.00 

31.00 

0.0550 

0.0850 

0.0630 

0.1510 

1 .4400 

1 .4400 

0.0300 

0.0300 

0.0150 

0.0320 


Hot 

Cold 

Water 

60%EG 

297.46 

237.41 

290.40 

239.54 

295.41 

237.88 

-1321.18 

140.84 

11.76 

11.76 

7.15441 

634.70589 

58.04 

1 .30 

6.4964 

5.1570 

127.7608 

77.8288 

0.1098 

24.1420 

0.0013 

0.0065 

500.00 

250.00 

41 .75 

11.60 

12.000 

12.000 

1 .205 

0.510 

0.015 

0.015 

32.00 

32.00 

0.70924 

0.77939 


(Table 6.4.2 Continued) 
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Table 6.4.2 (Continued) 


Reservoir Characteristics 


Ambient Temperature (°K) 

297.09 

Res Temperature (°K) 

239.54 

MCP (Watt Min/C) 

2650.0 

Loss Cond (Watt/C) 

0.4859 

Q Loss (Watt) 

43.56 
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TEMPERATURE (°K) 


APPLIED VOLTAGE = 6.333 VOLTS/ CASCADE 



5 10 15 20 25 30 35 

ELAPSED TIME (MINUTES) 


FIGURE 6.4.1 Zero Load AT Transient Performance 
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APPLIED VOLTAGE = 6.167 VOLTS/ CASCADE 
HEAT SINK = 0.2697E+03 WT*SEC/C/ CASCADE 
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is expected to be present in these calculations. 

The following set of input parameters were used: 

Cold Inlet Temperature: 0°F (255. 4°K), 35°F (274. 9°K), 

70°F (294. 3°K) 

Hot Flow Rate: 100, 300, 500 Ib/hr. 

Cold Flow Rate: 100, 150, 200, 300, 500, 700 Ib/hr. 

Hot Inlet Temperature: 70°F (294. 3°K) 

Applied Voltage: 18.5 volts 

The resulting system parameters for each combination of the above 
input parameters are given in the appendix. The most important output 
parameter, cold outlet temperature, is illustrated in Figure 6.5.1. It. 
was plotted as the inverse of the cold flow rate because of the nearly 
linear dependence, as observed. 


57 



COLD TIN-TOUT (DEG F) 


PERFORMANCE PREDICTION 


Heat Sink Inlet = 70°F 
Applied Voltage = 18.5 volts 



' lOOO/COLD FLOW (LB/HR) 
FIGURE 6.5.1 
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7. CONCLUSIONS 

The first three conceptual phases of this program involved the 
thermal control of a cloud physics expansion chamber by attaching 
thermoelectric devices directly onto the chamber. The initial concept 
was based on a very optimistic input from the space lab heat 
exchanger. The subsequent two concepts both provided technically 
feasible system approaches to meet all contractual requirements. 
Indeed, the third phase was initiated as per MSFC's request solely for 
the purpose of improving cool down speed — a parameter not specified 
in the contract. 

Near the conclusion of the third phase, BWTE was informed of a 
specific transient requirement. Simple calculations using this 
requirement plus the mass of the chamber revealed that the transient 
condition could not be met on a real time basis using thermoelectrics. 

The limiting factor was the thermoelectric cooling "efficiency" 

* 

limitation at the specified temperature conditions. This resulted in 
a complete redirection of effort and a fourth and final phase of 
activity. 

A thermoelectric chiller unit was proposed to cool a liquid reser- 
voir to -30°C for use in the thermal control of the chamber. A 
corresponding contract modification was made altering the scope of 
effort. A thermal model was generated and the resulting chiller was 
designed, fabricated, tested, and delivered. This unit met all 
requirements of the modified contract. The accuracy of the thermal 
model was validated and used for parametric study of system 
variables. 
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APPENDIX 


Performance Calculations 
(See Figure 6.5) 

Input Parameters Varied : 

1) Cold Inlet Temperature: 0°F (255. 4°K), 35°F (274. 9°K), 70°F (294. 3°K) 

2) Hot Flow Rate: 100, 300, 500 Ib/hr. 

3) Cold Flow Rate: 100, 150, 200, 300, 500, 700 Ib/hr. 

Input Parameters Constant : 

1) Hot Inlet Temperature: 70°F (294. 3°K) 

2) Applied Voltage: 18.5 volts 
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T c inlet = 0°F = 255. 4°K 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

54 TE UNITS MODEL NO. CX952-70-31 

wired as is parallel sets of 3 units in series 

* 

thermoelectric device physical description 

height { INCH ) = 0.4300 WEIGHT (GRAM)= 21.129 RESISTANCE (OHM)r 
COLD m*CP PER IE DEVICE ( « A T T *SEC /C ) = 0.55448E+02 
HOT m»cP P£R IE OEVICE {*ATT»SEC/C)= 0.26973E+03 
COLQ_ t _HOT,J_NTERSTAGE CONDUCTIVITY (wATT/SQ IN/C)=. ,fc f 3. 6 t 3, 20.0 



T.E . MATERIAL 

COMM 

COMM 

COUPLE 

DISTR1h[ITIUN = 

70.00 

31.00 

pellet 

WIDTH ( INCH) s 

0 . 0550 

0 . 0850 

PELLET 

LENGTH (INCH)= 

0.0S3O 

0.1510 

STAGE A k E A (Su I nCH) = 

1 .4400 

1.4400 

ALUMINA 

ThknS (InCh)= 

"o.ojoo" 

0.0300 

9US-8AR 

Thk.nS (INCh) = 

0.0 ISO 

0.0320 


EXCHANGER FACIOH 
FLUID iYPE 
PLATE TEMP IK) 

inle't TEhP u'f 

OUTLET TE*"P (k) 
hT OuT OF FlO(n) 
PLT-PLT LOSS (*) 
PRANOTL NUMPEr 
REYNOLDS N u w h F K 
' “NUSSELT nurh£R 
HEAT TRNSFR CuEF 
PR SS ORP I IN h^O ) 
BEND FTk{1N H20) 
FLOW RT ILB/HR) 
EXC h W EIGHT (LH) 
FIN L’ENuTH (IN) 
LVR LENGTH (IN) 
FIN HEIGHT (IN) 
FIN THKNSS (IN) 
NUMBER OF FINS 
FIN EPSILON 


hOT 

COLD 

water 

bOZEG 

ilb. 77 

251.19 

294.30 

255.40 

316.73 

251.32 

-1182.91 

144.88 

12.85 

12.85 

5 . 2{*Sfe i 

231 . 32274 

15.33 

1.50 

6. 3UU0 

5.0151 

129. 3271 

75.0602 

0 . 0 1 b 5 

3.3508 

o . o o o i 

0.0010 

loo.oo 

100.00 

41.75 

1 1 .60 

12.000 

12.000 

12.000 

12.000 

1.205 

0.510 

0.015 

0.015 

32.00 

32.00 

0.99BO1 

0.96944 


STEAOY-STATE SYSTEM POwER CONDITIONS 
VOLTAGE (VtlL(S) I*. 500 
CURRENT (AMPS) 56.408 
PO«ER (WAITS) 1043.539 




1.579 
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SYSTFm PEkFURmaNCE DESCRIPTION DATE Ol"/21/77 1200 

So T£ UNITS MODEL NO. CX9S2-70-31 

AIRED As t b PARALLEL _SETS_ OF 3 UNIT8 IN SERIES 

TmekmuElECIRIC DEVICE PHYSICAL DESCRIPTION- 
HEIGHT (INCH): 0.0300 "EIGHT (GRAM): 31.129 RESISTANCE (OHV)= 1.579 
COLO M*CP le DEVICE ( a A T T *SEC/C ) : 0 .55OO8E+02 

HUT m*CP PER TE DEVICE ( « A I T * SF C/ C } = 0.26973E+03 
COLD. HOT, InTERSToGE CONDUCT IV I TY (WATT/SQ IN /C) = 6.3, 6 .3, 30.0 



T.e. MATERIAL 

COMM 

COMM 

COUPLE 

DISTRIBUTION: 

70.00 

31.00 

PELLET 

aIOTH 

( INCH) = 

0.0550 

0.0850 

PELLET 

LENGTH 

(INCH): 

0.0630 

0.1510 

STAGE akEA (SO 

INCH): 

1 ,0000 

1 .0000 

ALUMINA 

T HUNS 

'(INCH): 

'0.0300 

0.0300 

8US-5AR 

THUNS 

l INCH): 

0,0190 

0.0320 


EXCHANGER factor 
FLUID TYPE 
PL A TE T E HP ( K J 
INLET TE mp ( k )' 
OUTLET. TEMP <k> 
HT OUT OF FLD(A) 
PL T -PL T LUSS (*) 
PRANOTL NUF-flER 

H E Y_N 0 L 0_5_ NUMBER 

NUSSELT NliwHER 
HEAT TRNSPR COEF 
PRSS ORPUN H20) 
RENO FTR ( In h2o) 
FLO a NT (LH/HR) 
EXCH_aEIGhT CL B 1 
F'lN LENGTH" (IN) 
LVX LENGTH (In) 
FIN HEIGHT UN) 
FIN THKNSS (IN) 

number op FINS 

PIN EPSILON 


HOT 

COLO 

A ATE R 

bOXEG 

31 b. 72 

252.21 

290.30 

255.00 

31b. 67 

252.52 

-1179.86 

153.72 

12.63 

12.63 

5. 23008 

223.10757 

15.32 

2.30 

6.3OO0 

'5.0759 

129. 3156 

75.9051 

0.0165 

a.8008 

0.0001 

0.0020 

100.00 

150.00 

01.75 

1 1.60 

12.000 

12.000 

12.000 

12.000 

1 .205 

0.510 

0.015 

0.015 

32.00 

32.00 

_ 0.99801 

0^90037 


STEADY-STATE SYSTEM PO«£R CONDITIONS 
VOLTAGE (VOLTS) 19,500 

CURRENT (A«PS) 56.529 

POa£R UATTS) 10 0 5,7 65^ 


obbwabw®! 

OB POOP, QUAXOT 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1?37 

5<l re UNITS MOOEL NO, CX952-70-31 
HIR ED AS 1 8 PARALLEL SET S OF 3 UNITS IN SERIES 

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION . 

HEIGHT (INCH)* 0.4300 HEIGHT (RRAM)S PI. 129 RESISTANCE (OHM) = 
COLO M*CP PER fE DEVICE { ft A T T »SEC/C ) = 0.55448E+02 
HOI h*CP per TE DEVICE (hATTaSEC/C) = 0 .2697 3£'*’0 3 
COLO, HOT, INTERSTAGt CONDUCTIVITY C*ATT/SQ IN/C)= 6,3, 6,3a. — ?0,P. 



r.E. material 

COMM 

COMM 

COUPLE 

DISTRIBUTIONS 

7o.no 

31.00 

PELLET 

MOTH 

(INCH) = 

0.0550 

0.0850 

PELLET 

length 

( I NCh ) s 

0.0630 

0.1510 

STAGE AREA (SU 

InChJs 

1 . 4400 

1 . 4000 

ALUMINA 

‘ Thk NS 

( INCH) = ‘ 

0.0300 

0.0300 

0 US -HA ft 

ThknS 

(1NCH)= 

0.0150 

0 . 0 32 0 


EXCHANGER factor 
FLUID TYPE 

PL_A I E I E MP_( K ) 

INLET lE’-P fx) 
OUTLET TE«P C<U 
HT OUT OF FLO ( *• ) 
PLT-PLT LOSS (*> 
PRANOTL NLIMSER 
_ REYNOLDS^ numhER 
MUSSEL T N’J M 0tR 
HEAT TRNSFR CUEF 
PRSS OR P ( I N H20) 
RENO F T R ( 1 N H20) 
FL OR KT CLrt/Hft) 
EXCh /.EIGHT TLo) 

"‘FIN" LENGTH (IN) 
LVR LENGTH (INI 
FIN HEIGHT (IN) 
FIN ThkNSS UN) 
NUMBER OF FINS 
FIN EPSILON 


HUT 

COLD 

*AT£R 

60XEG 

317.22 

252.79 

294.30 

255.40 

317.17 

253.23 

-120b. 15 

154.25 

12. *2 

12.62 

5.19916 

216.43366 

15.40 

3.19 

6 . 3440 

5.1347 

129.4096 

76.8111 

0.0164 

6.3125 

O.nooi 

0.0042 

100.00 

200.00 

41 .75 

1 1 .bO 

12.000 

12.000 

12.000 

12.000 

1.205 

0.510 

0.015 

0.015 

32.00 

32.00 

0.99801 

0.83095 


STEADY-STATE SYSTEM POhER CONDITIONS 


VOLTAGE (VULTS) 
CURRENT (AMPS) 
PO«ER (hATTS) 


18.500 
56.373 
104?. 897 


1.579 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

5a TE UNITS MODEL NO. CX952-70-31 
HIRED AS 18 PARALLEL SETS OF _ 3 UNITS IN SERIES 

IhE»m(JELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT ( INCH ) - o.ajoo <*FIGhT (g«AM)= 21.129 RESISTANCE (OHM); 
COLO M*CP PER TE UEV1CE ( w A T T *SEC/C ) s O.5599BE+0? 

HOT M*CP PER TE DEVICE (ftA TT*SFC/C) = 0.2697 3£P03 
COL O, HOT . INTERSTATE CONDUCTIVITY (waTT/SU IN/C ) = 6 .3. 6.3, 20.0 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

DISTRIBUTION: 

TO. 00 

31.00 

pellet 

A 10 TH 

UNCHJS 

0.0550 

0.0950 

pellet 

LENGTH 

(INCH): 

0 . 0b30 

0.1510 

STAGE A RE * CSQ 

I NCh ) s 

1 .auOO 

1 .UilOQ 

ALUMINA 

TrtKNS” 

(INCH) s 

0.0300 ' 

0.0300 

8US-BAR 

ThiaNS 

(INCH): 

0.0150 

0.0320 


EXCHANGER FAClOR 
FLUiO TYPE 
PLA TE TEMP {*) 
INLET' Temp IV) 

OUTLET TEMP U) 

ht out of flo t a j 
plt-plt LOSS (ft) 
PRANOTL number 
__REYNOLOS_NUMB t R 
nusSElT number 
heat trnsfr coef 

PRSS ORPttY H$0) 
FlENO F I k ( I N n20 ) 

FLU« R T (Ld/Hfc) 

_E x CH ft£ I G h T (LP) 

FIN LENGTH" UN) 
LVW LENGTH UN) 
FIN HEIGHT UN) 
FIN THKNS5 (IN) 

number Of fins 

FIN EPSILON 


HOT 

COLD 

WATER 

60XEG 

316.99 

253.27 

290,30 

255. aO 

?lb.9a 

253.90 

*1199.14 

159.91 

1 2 , as 

12. as 

5.21 SSb 

21 a. 15396 

15.36 

a. 88 

6 . 3aU0 

5 .29bO 

129.3b5a 

78.9666 

0.0165 

9.2773 

0.0001 

0.009a 

100.00 

300.00 

ai .75 

11.60 

' 12.000 

12.000 

12.000 

12.000 

1.205 

0.510 

0.015 

0.015 

32.00 

32.00 

0 . 9 9 A 0 1 

0.7011ft 


STEAOY-STaTE system ROw£R CONDITIONS 
VOLTAGE (VOLTS) 1ft. 500 
CURRENT (AMPS) 55.51b 
PQwE» ( ft A T T S ) 1095.539 



1.579 
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SYSTEM PERFORMANCE DESCRIPTION 0*TE 01/20/77 1257 

50 TE UNITS “DUEL NO. CX9S2-70-31 
WIRED A S 1ft PAkALLEL SETS OF 5 UNITS IN SERIES 

thermoelectric device physical description 

height t I nCh } s 0.0300 HEIGHT (GRAM)= P1.129 RESISTANCE COHM) = 
COLD "»CP PER TE DEVICE ( *ATT*SEC/C) s 0 .5SOOftE*02 
HOT m*cP PER TE DEVICE C w a T T *SEC /C ) = 0.2h973E+03 
COLD, HOT. INTERSTAGE CONDUCTIVITY (WATT/50 IN/C)= 6.3_. b .J,__ 20.0 



T.E. RATER1AL 

COMM 

COMM 

COUPLE 

DISTRIBUTIONS 

70.00 

31 .00 

PELLET 

y> I OTh ( INCH) s 

0 . 0550 

O.OB50 

pellet 

LENGTH UNCh)s 

0.0630 

0.1510 

STAGE ARE* (SO Inch) r 

1 .a900 

1 .0000 

ALUMINA 

ThknS (INCh)= 

0 . 0300 ' 

0.0300 

BUS-BAR 

I HUNS (INCH)= 

0.0150 

0 . 0320 


EXCHANGER FACTOR 

hot 

COLO 

FLUlC type 

«AT£R 

60XEG 

PLATE TEMP (KJ 

317.01 

253.67 

INLET T£“P (K ) 

290.30 

255.00 

OUTLET TEMP (5) 

316.96 

250.09 

HI OUT OF FLO(w) 

-1195.22 

162.95 

PLT-PLT LOSS (w) 

12.01 

12.01 

PRAnOTL NUMfiEk 

5.21262 

210.51506 

RETNOLDS NUMBER 

15.37 

8.29 

nusselt number 

b . 3000 

5.0088 

heat trnsfr cuef 

129.3601 

81.0800 

PSSS OR P ( In HJO) 

0.0165 

15.1972 

BEND FTRCIN h2 0 ) 

0.0001 

0.0261 

FLOk RT (L“/hR) 

100.00 

500.00 

EXCH /HEIGHT (Lft) 

01 .75 

11.60 

FIN LENGTH (IN) 

1?. ooo 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT ( IN) 

'1.205 

0.510 

FIN rHKNSS (IN) 

0.015 

0.015 

number uf fins 

32.00 

32.00 

FIN EPSILUN 

0.99501 

0.52775 


STEAOY-STATE SYSTEM POwEfi CONDITIONS 
VOLTAGE IVULTS) 1ft. 500 

CURRF.NT CAMPS) 56.505 

POWER ( w A f T $ ) 100ft. 079 


1 .579 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/50/77 1237 

54 TE UNITS MODEL NO. 0(952*70-31 
W IREO AS 1 B FAkalLEL SETS OF 3 UNITS IN SERIES _ 

THERMOELECTRIC DE/ICE PHYSICAL DESCRIPTION ' 

HEIGHT C INCH ) s 0.4300 WEIGH) (GSAM)= 21.129 RESISTANCE (OHM)s 



COLO M*CP PER 

IE DEVICE 

CwaTT *SEC/C) 

S 0.55448E+02 


HOT M*CP PER 

TE DEVICE 

(haTT*SEC/C) 

s 0 .2697 3E + 0 3 


COLO, HOT, INTERSTAGE CONDUCTIVITY (wiTT/SO IN/C)= 


I.E. 

MATERIAL 

COMM 

COMM 


COUPLE distributions 

70.00 

31.00 


PELLET WIDTH 

C INCH) S 

0.0550 

O.0H5O 


PELLET LENGTH 

(INCH) = 

0.0630 

0.1510 


STAGE AREA ISU INCH) s 

1 . 4400 

1 .4400 


alumina chkns 

11NCH)= 

0.0300 

0.0 300 


BUS-BAR ThUnS 

(INCh)= 

0.0150 

0.0 320 


EXCHANGER F A C I UH 

HOT 

COLO 

FLUIO fype 

WATER 

601EG 

PLATE TE«P (K) 

317.39 

253.67 

INLET ftMP (K.) 

294.30 

255.40 

OUTLET I£«P { K ) 

317.35 

254.75 

HT OUT OF FLO (w) 

-1215.47 

161.61 

PLT-PLT LOSS Cw) 

12.44 

12.44 

PRANDTl NUMBER 

5. 1BB65 

2UB. 86056 

REYNOLDS NUMBER 

15.43 

11.70 

'"nusselt" number 

6.3440 

5 . b295 

heat trnsfr clef 

129.4413 

64.1771 

PPSS QRPCIN H20) 

0 . o 1 h 4 

21.116ft 

BEND FTRC1N h20 ) 

0.0001 

0.0512 

FLOW RT (LP/MR) 

100.00 

700.00 

EXCH WEIGHT (LB) 

41 .75 

11.60 

FIN LENGTH CIN) 

' 12.000 

12.000 

LVR LENGTw (IN) 

12.000 

12.000 

FIN HEIGHT UN) 

1.205 

0.510 

FIN (HKNSS CIN) 

0.015 

0.015 

number OF FINS 

52.00 

32.00 

FIN EPSILON 

0 .99502 

0.42437 


STEADY-STATE SYSTEM POWER conditions 
VOLTAGE (VULTS) 18.500 

CURRENT Camps) 56.003 

POWER (WATTS) 1043.447 




1.579 
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SYSIFM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

59 IE UNITS MO0EL NO. CX952-70-31 
HIR ED AS 18 PARALLEL SETS OE 3 UNITS IN SERIES 

ThFRmUELECTHIC DEVICE physical description 
HEIGHT ( INCH } z 0.9300 HEIGHT (GRAM)= 21.159 RESISTANCE (OHM)= 
COLO H*CP PER TE DEVICE C« A T T.SEC /C ) = 0.554«8E*02 
HOT m»cp PER TE DEVICE (*ATT»SEC/C ) = 0.2b973E*03 
.COL^jH.OT ..INTERSTAGE CUNOOCTIVITY . (rtATT/SO IN/C)=_6,3, _6.3, 20.0 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

OISTRIoUTIONs 

70.00 

31.00 

PELLET 

« 1 0 Th 

t 1 0 C H ) s 

0.0550 

0 . 0550 

PELLET 

LENGTH 

( INCH) s 

0.0650 

0.1510 

STAGE AREA (SO 

INCH)= 

1 . «UOO 

1.9900 

ALUMINA 

T hanS 

(INCH)=' 

' 0.0300 "" 

O'. 0 300 

BUS-BAR 

ThknS 

(1NCH)= 

0.0150 

0.0320 


EXCHANGER FACTOR 

HU T 

COLO 

FLulO TYPE 

.yATER 

60XEG 

PLATE TEMP (k) 

409.05 

?99.a7 

INLET TE"P OO 

299.30 

255.90 

outlet temp tki 

302. «? 

299.65 

HT OUT OF FLO < N ) 

-1397.35 

203.67 

plt-plt LUSS (w) 

10.69 

10.69 

PRANDTL NUMBER 

b. 17519 

293. 35095 

RETNULOS NUMBER 

59.70 

1.42 

NuSSELT NUMBER 

6.9173 

5.0195 

HEAT TRNSFR COEF 

1 28.2758 

75.0859 

PRSS ORP ( I N H20) 

0.057b 

3.5338 

BEND FTRCIN H20) 

0. 0005 

0.0010 

FLU* «T (LH/Hfc) 

300.00 

100.00 

EXCH HEIGHT (L«) 

91 .75 

11.60 

PIN LENGTH (In) 

1 2 . (1 0 0 

12.000 

LVR LENGTH (IN) 

IP. 000' 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN IHKNSS (IN) 

0.015 

0.015 

NUMBER OF FINS 

52.00 

32.00 

fin epsilon 

0.87299 

0.96972 


STEADY-STATE system PO«ER CONDITIONS 
VOLTAGE IVOLTS) 1 8 .500 

CURRENT (ANRS) 61.569 

PO*ER. ("ALTS) 1138.932 


1.579 
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system performance description date 01/21/77 taao 

54 TE UNITS model no. CX952-70-51 
*IREO_AS _ 1_H_ PAR4LLEL SETS Of 3 UNITS, IN SERIES _ 

Th£km 0EL£CTWIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT (INCH)= 0.4300 HEIGHT (GRAM)= 21.129 RESISTANCE COHM)= 
COLD M*CP PER TE DEVICE ( * A T T » SEC /C) = 0.5Sua8E+02 
HOT M*CP PER TE DtVICE ( « A T T « SEC/C) = 0.2S973E+03 
..Cl.LO.iJlOJ.iINTERST4DE .CONOUCTIV ITf (aATT/ 50 IN/C) E, J>,} ( i>.it 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

0 I S 1 R ISO T 1 0N = 

70,00 

31.00 

PELLET 

* I ll 1 H 

l INCH>8 

9.0550 

0.0350 

PELLET 

LENGTH 

l INCH) = 

0 • 0 b 3 0 

0.1510 

S1A5E AREA (So 

INCH) = 

l .4400 

1 . 4900 

ALUMINA 

Thkns 

(INCrt)= 

<1.0500 

0.0300 

9US-8AP 

IHUNS 

C INCH) = 

0 . 0 1 50 

0.0320 


exchanger factor 

HOT 

COLO 


fluid iype 

ftA ter 

bOiEG 


PLATE TEMP (*) 

300.1 0_ 

250.92 _ 


INLET T£mp (*) 

2 9 a . 5 0 

255.00 


OUTLET Temp Ck) 

<02.85 

251 .35 


ht our of flo t »y ) 

-1355.25 

21 5;b3 


plt-plt luss (*) 

Ifl.ul 

10.41 


PRANOTL NUMBER 

h, 17334 

231.11472 


REYNOLDS NUMBER 

59.7 1 

2.25 


nUSSEl't NUA-bER 

8.0173 

5.0752 " 


heat trnsfh coef 

128.2801 

75.9597 


PWSS ORP (In H?0) 

0.057 8 

5.0222 


8£N0 F TH ( I n hj 0 ) 

0.0005 

0.0024 


FlOa RT (LP/hP) 

<00 . 00 

150.00 


EXCH HEIGHT (LH) 

01.75 

1 1 .bO 


FIN LENGTH (IN)" 

12.000 

” 12.000 


LVR LENGTH UN) 

12.000 

12.000 


FIN HEIGHT (IN) 

t.205 

0.510 


FIN THKN5S TIN) 

0.015 

0.015 


NUMBER OF FINS 

32.00 

32.00 


FIN tPSILON 

0.87300 

0.90477 



STEAOT-STATE SYSTEM POhEP conditions 
VOLTAGE (VULTS) 18.500 

CURRENT (AMPS) SI .681 

POrtER (ftATTS) 1 1 <il.. 1 0 3 


ORIGINAL PAGE IS 
OF POOR QUALITY 


69 


1 .579 



SYSTE* PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

59 IE UNITS MODEL NO. CX952-70-31 
wIRE O AS 18 .PARALLEL SETS UP 3 UNITS IN SERIES 

THEkmuElECTRIC OEVICE PHYSICAL DESCRIPTION 
HEIGHT <INCh)= C.U300 *FIGHT (GRAm) = 21.129 RESISTANCE (OHM): 
COLD M*C P PER IE OEVICE (v»ATT» SEC/C): 0.55auflE+02 
HOI M*CP PER IE OEVICE (WATT*SEC/C)= 0.28973E+03 
.COLO, HOI, lNTtRSTAGE CONDUCTIVITY (WATT/SO In/C): 8.3, _ 6.3,_ 20.0 



t.E. MATERIAL 

COMM 

Comm 

COUPLE 

OISIRIBU1 ION= 

70.00 

31.00 

PELLET 

MOTH 

( INCH): 

0.0550 

0.0850 

PELlET 

LENGTH 

1 Inch): 

0.0830 

0.1510 

STAGE AREA (SO 

INC n I - 

1 .aano 

1 .uuoo 

ALUMINA 

T h K N S 

(INCH): 

0.0300 

0.0300 

SUS-dAR 

f MK NS 

( INCH) : 

0.0150 

0.0320 


EXCHANGER FACTO* 

HOT 

COLO 

FLUID TYPE 

«ATER 

60XEG 

PLATE TEMP ( K ) 

30(1 . 1 9 

251.87 

inlet TE"P (*) 

29U.30 

255.00 

OUTLET temp (k) 

302. 9U 

252.30 

HT OUT OF FLD(A) 

-1366.53 

220.51 

PLT-PLT LOSS (M 

10.29 

10.29 

PranOTL number 

8.18579 

229. 59921 

REYNOLDS num»ep 

39.75 

3.10 

MUSSEL! Nl.iMH £ hr 

8.9173 

5.1300 

HEAT trnsfr coef 

128.297b 

76.8199 

PRSS 0 HP ( 1 N H20) 

0.0575 

6. 0995 

HEND F TR ( lw h2 0 ) 

0.0005 

0.00*12 

FLO R RT (L6/MR) 

300.00 

POO. 00 

EXCH rttIGHT (LH) 

ut.75 

11.80 

~F IN “LENGTH (IN) 

IP. 000 

12.000 

■ L VR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1 .205 

0.510 

FIN T HKNSS (IN) 

0.015 

0.015 

NUMBER OF FINS 

32.00 

32.00 

FIN EPSILuN 

0.87302 

0.83137 


STEADY-SUIE SYSTEM POrtER CONDITIONS 


VOLTAGE (VOLTS) 
CuRkE-NI (AMPS) 
puwfh (aaus) 


1 s.soo 

81.700 
1 4 a i ,a<i7 


1.579 
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SYSTEM PERFORMANCE DESCRIPTION OATE 01/20/77 12 37 

5o IE ui»IIS MODEL NO, CX952-70-31 
«1RED_AS I«_ PARALLEL SETS OF. J UNITS IN SERIES 

IHERMOELECTRIC OEVICE PHYSICAL DESCRIPTION ' 

HEIGHT { 1 im C M ) = 0.U3OU WEIGHT (GRAM)= ?t.l?9 RESISTANCE (0HM)= 
COLO ««CP PER T E DEVICE ( wA T T *SEC /C ) = 0.55<*a«E+02 
HOT M*CP PER TE DEVICE (wA TT*SEC/C) = 0.26973E+03 
COLD^HOJ, INTERSTAGE CONDUCTIVITY [WATT/SO IN/C)= '6, 3^ 6,3, 20.J) 



T.E. MATtRlAL 

COMM 

COMM 

COUPLE 

DISTRIBUTIONS 

70.00 

31.00 

pellet 

WIDTH 

CINCH)= 

n . 0550 

0.0850 

PELLET 

LENGTH 

t INCH) s 

0.0630 

0.1510 

STAGE AREA (SO 

INCH) = 

1 .aoqo 

1 .oaoo 

ALUMINA 

T HR NS 

f I LI C H ) S 

0.030 0" 

0.0300 

8US-RAR 

THRnS 

( INCH)= 

0.0T50 

0.0320 


EXCHANGER factor 

HOT 

cold 

FLUID TYPE 

WATER 

60XEG 

PLATE TEMP (ft) 

300,20 

252.38 

INLET T£mP Cki 

290.30 

255.00 

OUTLET TEMP Ck > 

302.90 

253.28 

HT OUT OF FLO(R) 

-t 372.79 

225.92 

PLT-PLT LOSS (*) 

10,16 

10.16 

PRAiNOTl number 

6.1 627ft 

218.10911 

REYNOLDS NUMBER 

39.77 

a. 79 

NUSSELT number 

6.0173 

5.2056 

heat TRNSFk ccef 

1 2ft . 30Ofi 

78. <*685 

PRSS DKPCIN H20) 

0.0675 

9. <*570 

SEND F T ft ( I N HE 0 ! 

0.0005 

0.009a 

FLO* »T (L8/hR ) 

300.00 

300.00 

EXCH WEIGHT (L f) ) 

A I . 7 5 

11.60 

FIN LENGT’h (IN) 

12.000 

12.000 

LVR LENUTh (IN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN THKNS5 (IN) 

0.015 

0.015 

number uf fins 

32.00 

32.00 

FIN EPSILON 

0.87303 

0. 70109 


ST£ADY*STaTE SYSTEM POWER conditions 
VOlTaoe (vdlISI lfi.500 

CURRENT (ahPS) 61.705 

POWER UaFTS) !ia?.?77 


0EI6INMJ PAGE IS 
DB POOR QUALITY 


1.579 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

50 IE UNITS MOOfcL NO. CX952-70-SI 
wIREQ_.*S_ 1J3 PARALLEL SETS OF 3 UNITS IN SERIES 

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT CINCH)= O.ajoo WEIGHT (GRa m )= 21.129 RESISTANCE (OHm)- 
COLD m«CP PER TE OEvlCE ( w A T T *SEC/C ) s' 0.55448E*02 
HOT «*CP PER TE DEVICE (*ATT»SEC/C)= 0.26973E+03 
COLO. l HOT, INTERSTA bE CONDUCTIVITY (wATT/Sl) 1N/C)s 6,3, 6.3 f 20.0 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

distrjhui IONS 

70.00 

31.00 

PELLET 

WIDTH 

( INCH ) s 

0.0550 

0.0850 

PELLET 

LENGTH 

( I nCH ) S 

0 . Ob 30 

0.1510 

STAGE AH t A (50 

INCH ) S 

1.4400 

1 ,««oo 

alumina 

Thkns 

(INCH) S* 

'0.0300 

0.0300 

BUS-0 AR 

Thk.nS 

(INCH)S 

0.0150 

0.0320 


EXCHANGER FACTOR 
FLU 1 0 TYPE 

plate__temp_(-u 

inlet r" E H P CKJ 
OUTLET T£mP (k) 
HT OUT OF FLO(w) 
PLT-PLT LOSS (w) 
PRANDTU NUM«ER 
RE Y.nOL_OS_NUPPER 
NuSSELT NtjMbER 
Ht A T TRnsFR COEF 
PRSS ORP ( IN H20) 
SEND FTRdN H20) 
FLOW RT { LH/hR ) 
EXCH WEIGHT ( L« > 
FIN "LENGTH C IN f 
LVR LENGTH UN) 
FIN HEIGHT UN) 
FIN T HKNSS UN) 
NUMBER UF FINS 
FIN EPSILON 


HOT COLO 


WATER 

60XEG 

304.27 

252.95 

254.30 

255.40 

303.00 

254.11 

-1 376.98 

230.41 

10.05 

10.05 

b. 18077 

212.87389 

39.78 

•8.19 

6.4173 

5*^ 44 8 0 

128.3095 

81.4769 

0.0575 

15.3754 

0.0005 

0,0261 

300.00 

500.00 

41.75 

11. bO 

12.000 

12.000" 

12.000 

12.000 

1.205 

0.510 

0.015 

0.015 

32.00 

32.00 

0.87303 

0.52792 


STEADY-STATE SYS T tR POw£R CONDITIONS 
VOLTAGE (VOLTS) 18.500 

CURRtNT (AMPS) 81.78? 


POWE.^ (*AT TS) 1 l_a?. 97 3 


1.570 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/30/77 1337 

59 TE UNITS MUPEL NO. CX953-70-31 

WIRED AS 1 8 _PARALLEL_SETS OF 3 UNITS IN SERIES 

iHtRMOELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT [ INCH) = 0 . a 300 WEIGHT (GRAM)s 31.139 RESISTANCE (OHM) = 1.579 
COLO M.CP PER TE DEVICE (WATT*SEC/C ) s 0.55a48E+03 
HOT M.CP PER TE DEVICE (*AT r»SEC/Cl= 0 . 3697 3E+ 03 
COL O.HOf , INTERSTAGE CUNDUC TI VI rY_(wATT/SQ 1N/C)s_ 6 ,J l 6^ . 3jl_, 30,0 



T.E, MATERIAL 

COMM 

COMM 

couple 

DISTRIBUTIONS 

70.00 

31.00 

pellet 

wIOTn 

( INCH) = 

0.0550 

0.0850 

PELLET 

LENGTH 

(INCH)= 

0.0630 

0.1510 

STAGE area (SG 

Inch) s 

1.9900 

1 . aaOO 

ALUMINA 

ThknS 

(INCH):"" 

0,0300 

0.0300 

BUS-BAR 

thkns 

( INCH) 9 

0.0150 

0 . 0330 


exchanger factor 

FLUID T T PE 
PL * I E I E hp IK) 

Inlet temp uo 
OUTLET I£MP (K) 
HT OUT OF FlO(w) 
PLT-PLT LOSS <w) 
PRANDTL NuM&ER 
BE Y NULDS "JUMPER 

NUSSE'Ci number ' 

HEAT IRNSFR CUfcF 
PRSS ORPCIN H30) 
BENO FTRCIN H30) 
FLOW RT (LB/HR) 
EXC H WE IGHT (LB) 
FJN LENG In’ ( fN) ’ 
LVR LENGTH (IN) 
FIN HEIGHT (In) 
fin THknss (In) 
NUMBER OF FINS 
FIN EPSILON 


HOT COLO 

WATER bOXEG 

309.39 353.31 

390.30 355.90 

303.03 35R.S7 

-1379.89 333.30 

1 0 . 0 1 10.01 

b. 15935 310.61755 
39.79 ll.fcO 

b.9173 5.6367 

138.3139 8 9 . 1 7 1 t 

V.-0575 31.3007 

0.0099 0.051? 

300.00 700.00 

91.75 11.60 

13.000 13.000 

13.000 13.000 

I.P05 0.510 

0.015 0.015 

33.00 33.00 

0.87304 _ 0,93497 


STEAOY-STATE SYSTEM POWER CONDITIONS 
VOLTAGE (VOLTS) .18.500 

CURRENT (AMPS) b l . 7 96 

PURER (wa.TTS) 1193,334 


OBIGMAB PAGE IS 
OE POOR quality 



SYSTEM PERFORMANCE DESCRIPT ION DATE 01/50/77 1708 

54 IE UNITS MODEL *10. CX952-70-31 

WIRED AS IB parallel SETS OF 3 units , in series. 

THERMOELECTRIC DEVICE PHYSICAL description* 
height (XNCH)= 0,4300 HEIGHT (GRAM)= 21.129 RESISTANCE (OHm)= 1.579 
COLD m*CP PFR TE DEVICE { tt A T T* SEC/C ) = 0.55448E+02 
HOT **CP PER TF DEVICE (wiT T*SEC/C) = 0.26973E+03 
C OLD . HOT. INTERSTAGE CONDUCTIVITY (WATT/SO _IN/C) = 6.3, 6 ,_3j 80,0 



T.E . MATERIAL 

COMM 

COMM 

couple 

0ISTRI6UI I On = 

70.00 

31.00 

pellet 

WIDTH 

( INCH ) s 

0.0550 

0 .0850 

pellet 

length 

( INCH) = 

0.0630 

0.1510 

STAGE AREA (SOI 

INCH ) = 

1 .4400 

1 . 4400 

ALUMINA 

TmkNS 

(INCH) = 

0.0300 

0.0300 

SUS-BAR 

ThKNS 

UNCHIP 

0.0150 

0 . 0 320 


EXCHANGER FACTOR 
FLUID type 
PLATE_ T£mP_ (KJ 

inlet "te'mp (k! 

OUTLET TEMP (K) 
HT OUT OF FLD(w) 
PLT-PLT LOSS (w) 
PRANOTL NUMBER 
REYNOLDS number 
N lJSSELt” NUMBER 
heat trnsfr cuef 
PRS5 ORP (IN h 20) 
BEND F TR ( I N n20) 
FLOW RT U.-VHR) 
EXCH W EIGHT (LOT 
FIN LENGTH (IN) 
LVR LENGIh (IN) 
FIN HEIGHT (INI 
FIN THKNSS (In) 
NUMBER OF FINS 
F I N EPS I LON 


STEAOY-STATE system POWER CONDITIONS 
VOLTAGE (VOLTSJ 18.501) 

CURRENT (AMPS) 62.581 

PU*ER_ (WAITS) 11S7.754 


HOT COLO 

WATER 60XEG 

301.60 209. 1U 

294.30 * 255.40 

299.52 249.33 

•1377.02 214.77 

10. 2R 10.28 

6.43784 245.72185 

63.76 1.41 

6.4947 ' 5.0144* 

129.2126 75.0906 

0.1000 3.5699 

0.0013 0.0010 

500.00 100.00 

41.75 11.60 

12.000 12 . 000 ” 

12.000 12.000 

1.205 0.510 

0.015 0.015 

32.00 32.00 

0.71157 0.46978 
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SYSTEM PERFORMANCE DESCRIPTION uAl£ 01/81/77 1540 

5 it TE UNITS MODEL NO. CX953-70-31 
*IR £Q A S 1 8 PakalLEL aETS OF 3 UNITS IN SERIES 

THERMOELECTRIC DEVICE physical DESCRIPTION 
height ( Inch) = 0.4300 /(EIGHT (GRAM) : 51.159 RESISTANCE (OHM) ; 
COLO M*CP PER TE DEVICE ( n A T T * SEC / C ) = <1.5544aE + 05 
HOT m*CP P£k TE DEVICE (rtAT f *S£C/C) = 0 .3697 3E + 03 
COLD. HOT. INTERSTAGE CONDUCTIVITY (vtATT/SO IN/C)«_S,3j. 6*3, 50. C 



T.E. M 

ATtRlAL 

COMM 

COMM 

COUPLE 

OISTWIhUTION= 

70.00 

31.00 

PELLET 

f* 10 Th 

(INCH)= 

0.0550 

0.0850 

PELLET 

LE^GIh 

( Inch) s 

O.OfaiO 

0,1510 

STAGE ARE* (SU 

INCH) = 

1.4400 

l . 4400 

ALUMINA 

ThKNS 

(INCH): 

0.0300 

0.0300 

hus-sar 

T hsnS 

(INCH): 

0.0150 

0.0350 


EXCHANGER FACTUR 

HOT 

COLO 

flu i o type 

*A TER 

60XEG 

PLATE TEMP (8) 

301 .69 

550.67 

INLET Temp' (*) 

599.30 

555,40 

OUTLET TEmp (k) 

599.56 

55) .15 

HT OUT OF FLOt*) 

-1386.90 

557.67 

PLT-PLT LOSS (*) 

9.99 

9.99 

pranotl number 

6.93550 

535.75795 

REYNOLDS NUMBER 

63.78 

5.54 

NUSSELl nu«PE» 

6.9947 

5.0751 

HEAT THNSFR CtiEF 

159.2164 

75.9655 

PRSS DRPIIn H501 

0. 1 000 

5.0590 

SEND F TR ( I N H50J 

0.0013 

0.0054 

FLO* PT (ds/hr) 

500. 00 

150.00 

EXCH nEIGhI (LH) 

41.75 

11,60 

FIN LENGTH (In) 

12.000 

15.000 

LVR LENGTH UN) 

IP. 000 

15.000 

FIN HEIGHT (IN) 

1 .505 

0.510 

FIN IHKNSS UN) 

0.015 

0.015 

NUMBER OF fins 

35.00 

35.00 

FIN EPSILUN 

0.71158 

_ 0.904 85 


STEAOT-ST4TE SYSTEM PO*ER CONDITIONS 
VOLTAGE (VOLTS) IS. 500 

CURRENT (A«PS) 62.697 

PO*E* («ATTS) 1159.889 


ORIGINAL PAGE IS 
m POOR QUALITY 


1.579 



SYSTFM PERFORMANCE DESCRIPTION DATE 01/51/77 1109 

54 TE UNITS vtUDEL NO. CX952-7Q-31 

REU AS IS PARALLEL SETS OF __3 UNITS IN SERIES 

thermoelectric device physical description* 

IGHT TlNCHls O.UJIIO height (GRAM):: 21.129 RESISTANCE (OHM)r 1.579 
LO R*CP PER TE DEVICE ( *a T T*SEC /C 1 = 0 . 55««8E+02 
OT M*CP PfR TE DEVICE (*A T T *5E C /C ) = 0 .269 7 SE + 03 

LD.HUT, iNTf RSTAGE CONDUCTIVITY (wATT/SQ 1N/C)= 6.3. _ 6.3. 20.0 


T.E. MATERIAL 
COUPLE DISTRIBUTION 
ELLET wIDTh (INCH)s 
ELLET LENGTH ()NCH)= 
TAGE AREA (SO INCH}= 
L UR IN A ThknS" ( inch'] = 
US-BAR T hkNS l INCH ) = 


COMM COMM 

70.00 31.00 

0.0550 0.0B50 

0.0630 0.1510 

1 . 4400 1 .0000 

0.6VOO " 0-.0 300 

0 . 0 1 50 0.0S20 



CHANGER FACTOR 
FLUID TYPE 
PLATE TEMP t K 3 
INLE~T TEMP IK) 
UTLET T£mP (K) 
GOT OF FL 0 ( * ) 
T-PLT LOSS (*) 

pranotl number 

EYNOLDS Nl.iMftFR 
NUSSElT NUMBER - ‘ 
AT TrNSFR CuEF 
SS ORP (In m?u) 

ND F T R ( I >i h?o) 
Lu* RT ILB/HR) 

CH WEIGHT (LB) 

IN LENGTH IT n ) 

V R LENGTH (IN) 

IN HEIGHT (IN) 

IN THKNSS 1 1 N ) 
NOMRER OF FINS 
FIN EPSILON 


HOT CULO 

WATER hOiEG 

301.73 251.06 

294.30 P55.O0 

299.59 252.12 

-1300.99 233.10 

9.65 9.85 

6.a$2T0 225.830R7 
63. «1 3. OR 

6.0907' 5.1339 

129.2238 76.8216 

0.1000 6 . 53b9 

0.0013 0.0042 

500.00 200.00 

41.75 11.60 

12.000 12.000 

12.000 12.000 

1.205 0.510 

0.015 0.015 

32.00 32.00 

0.71159 0.83145 


TEAOY-STATE SYSTEM POWER CONDITIONS 
VOLTAGE (VULTS) 18.500 
CURRENT (AMPS) 62.748 

PuwER (WATTS) 1160,831 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

50 TE uMTs MODEL NO. CX952-70-31 

rireo as_ id parallel -sets of 3 units in series 

THE MYOELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT ( INCH ) = 0 . a SO 0 WEIGHT (GRAM): 21.139 RESISTANCE (OHM)= 1.579 

COLD m*CP PER IE DEVICE (wA f T*SEC/C) = 0.5SaaaE*02 
HOI M*CP PER TE DEVICE ( wa TT * SEC /C) = 0.26973E+03 
COLDiHUT^INTEMSTAGE CONDUCTIVITY (aATT/SQ 1N/C)= 6.3^ 6.3, 20 . 0_ _ 



T .E. 

MATERIAL 

COMM 

COMM 

COUPLE 

D1STRI6UTI0N= 

70,00 

SI. 00 

PELLET 

a I D T h 

( I NCh ) = 

0.0550 

0.0850 

PELLET 

LENGTH 

(INCH) = 

0.0630 

0.1510 

STAGE AREA (SO I.yCR) = 

I.uuOO 

1 .aaoo 

ALUMINA 

T hx NS 

( I NCh ) = 

“ 0.0300 " 

0.0300 

BUS-8 Aft 

TmkNS 

( Inch ) = 

0.0150 

0.0320 


EXCHANGER FACTOR 
FLUID TYPE 

PLA TE T EMP (JO 

INLET Tc'yP (k)~ 
OUTLET TEmp t k ) 
ht our of fldU) 
PLT-PlT LOSS (a) 

pranotl NUMBER 

REYNOLDS NU«8tK 
" NUSSF.Lf MiiMqEh 
heat TRNSFR COEF 
PRSS ORP ( IN H20) 
BEND FT* (IN n20) 
FLO* RT (Lh/Hk) 
EXCH aEIGhT (Lfl) 

*F IN LENGTH - ( IN) 
LVR LENGTH (IN) 
FIN HEIGHT UN) 
FIN THKNSS (IN) 
NUMBER OF FINS 
FIN EPSILON 


HOT 

COLO 

■yaTER 

60XEG 

501.78 

252.22 

29a . 30 

255.00 

299.63 

253.17 

- 1 aoa.a? 

238.08 

9.71 

9.71 

6.02933 

218.97123 

63.80 

0.77 

6.0907 

5.2055 

129.2313 

7 8 . a 68 9 

0.0999 

9.0917 

0.0013 

0 . 0090 

500.00 

300.00 

ot.75 

11.60 

12.000 

12.000 

12.000 

12.000 

1.205 

0.510 

0.015 

0.015 

32.00 

32.00 

0.71160 

0.70155 


STEADY-STATE system PO*ER CONDITIONS 
VOLTAGE (VuLTS) 18.500 

CURRENT (Amps) 62.790 

POaER I a A I TS ) 1161.607 


0®GW6B»GBB 

OK ?OOB QUALITY 
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S.YSfF* PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

5<l TE UNITS MODEL NO. CX952-70-31 
1L RE0 AS 18 PARALLEL SETS OF 3 UNITS IN SERIES .. . 

THERMOELECTRIC OEVICE PHYSICAL description * 

HEIGHT (INCH): 0.4JOO HEIGHT (GRAM): 21.129 RESISTANCE (OHM): 
COLD M.cP PFR TE DEVICE ( * A T T *5EC /C I = 0.55448E+02 
mOT m«CP PER TE DEVICE ( w A TT* SEC/C1 : 0.26973E+03 
COLD_»mOT , INTERSTAGE CONDUCTIVITY (wATT/SU 1N/C)= 6.3,. N.3,_. 20.0 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

0 1 SIR I PUT ION= 

70.00 

31.00 

PELLET 

« 1 0 T+l 

(INCH) = 

0.0550 

0.0850 

PELLET 

length 

(INCH): 

0.0630 

0.1510 

5 T a g£ AREA (SO 

INCH): 

1 .9400 

1 .4U00 

ALUMINA 

' 1 HKf.S 

t INCH) : 

0.0300 " 

0.0300' 

8US-SAR 

Thkns 

(INCH): 

0.01SO 

0.0 320 


exchanger factor 

hot 

COLO 

fluid type 

WATER 

60XEG 

plate temp { k j 

301.81 

252.82 

inlet temp (lU 

294.30 

255.40 

OUTLET TEMP (k) 

299.65 

254.04 

HT OUT UF FLO(W) 

-1409.57 

243.04 

PLT-PlT LOSS (rt) 

9.60 

9.60 

PfiANOTL NUMBER 

6.42774 

213.31674 

REYNOLDS NIIMHER 

63.85 

8.17 

NUSSEL f NUMnEH 

6.4947 

5.4478 

heat trnsfr c('EF 

129.2348 

81.4762 

PRSS DRP(lN H?0) 

0.0999 

15.4089 

SEND F T R ( I N h20 ) 

0.0413 

0.0261 

FLOW RT (L8/HR) 

500.00 

500.00 

EACH WEIGHT (LB) 

41.75 

11.60 

FIN LENGTH (IN) 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (INJ 

1.205 

0.510 

FIN IHKNSS (IN) 

0.015 

0.015 

NUMBER OF FINS 

32.00 

32.00 

FIN EPS.IL On 

0.7 1160 

0.52795 


STEAOY-SIATE 

VOLTAGE 

CURRENT 

PO*E* 


SYSTEM POwER CONDITIONS 
(VOLTS) 18.500 

(amps) 62.631 

(wATTS) 1162.369 


1.579 
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SYSIE* PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

So T E UNITS MODEL NO. CX952-70-31 
WIR EO AS 18 PARALLEL SFTS OF 3 UNITS IN SERIES 

thermoelectric oevice physical description 

HEIGHT (Inch)— 0,0300 WEIGHT (GRAM)s RESISTANCE (0HM)= 

COLO M*CP PER TE OEVICE (wA TT*SEC/C) = 0.S5OOHE*-02 
HOT M»CP PER TE OEVICE (w a T T »SEC /C ) = 0.2697it«-03 
C OLD, HOT , 1NT EWST AG E C ONOUCTIvITT (WATJ/SQ IN/Cl= 6,3, 



T.E. material 

COMM 

COMM 

COUPLE 

DISIRIBUT I ON= 

70.00 

31 .00 

PELLET 

WIDTH 

(INCH)= 

0.0550 

0.0550 

PELLET 

length 

C INCH)= 

0.0650 

0.1510 

STAGE AREA (SO 

INCh)= 

1 .0000 

I . auoo 

alumina 

ThanS 

( Inch) - 

0.0 300 

0.0300 

8US-6AR 

ThknS 

( INCH) s 

0.0150 

0.0320 


EXCHANGER FACTOR 

HOT 

COLD 

fluid type 

WATER 

601ES 

PLATE TEMP ( K ) 

301.83 

253.08 

INLET TEMP U) 

290.30 

255.00 

OUTLET TEMP (A) 

299.66 

250.02 

HT OUT OF FLO (w) 

-iai2.bo 

205.27 

PLT-PLT LOSS (w) 

9 . 5S 

9.55 

PR ANOTL number 

6.02661 

210.93621 

reynolos nu«per 

63.86 

11.58 

NUSSEL T number 

6.0907 

5.6285 

HEAT TRNSFR COEF 

129.2373 

90.1700 

PRSS DRPtIN H 2 0 ) 

0.0999 

21 .3300 

8EN0 F T R ( I N H?0) 

0.0013 

0.0512 

FLOW RT (L«/hR) 

500.00 

700.00 

EXCH WEIGHT (LH) 

01 .75 

11.60 

FIN LENGTH (IN) 

12.000 

i2.ooo 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT UN) 

1.205 

0.510 

FIN THKnlSS (IN) 

0.015 

0.015 

NUMBER OF FINS 

52.00 

32.00 

FIN tPSILON 

0.71161 

0.02009 


STEADY-STATE SYSTEM purer conditions 
voltage (VULT3) ih.soo 

CURRENT ( amps ) 62.806 

POw£j^ (WAITS! tlfc2.bS2 



1 . 57 R 
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T c inlet » 35°F = 274. 9°K 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/50/77 1237 

so TE UNITS MODEL HO. CX952-70-31 
HIR ED AS 1 8 parallel SETS OF 3 units in SERIES 

Thermoelectric device physical description * 

HEIGHT ( INCH) s 0.0300 HEIGHT (GRAM) s 21.129 RESISTANCE (OHM)= 
COLD M*CP PE« TE DEVICE («AT T*SEC/C) = 0.55448E+02 
HOT m»CP PER TE OE v ICE (HAT T*SEC/C) = 0.26973E+03 
COLD , HO T, INTtRSTAGE CONDUCTIVITY CwATT/SQ 1N/CJ= S.3, b . 3 , _ 20,0 



r.e. MATERIAL 

CO M M 

COMM 

COUPLE 

distributions 

70.00 

31.00 

PELLET 

hIOTh 

l INCH) = 

0.0550 

0.0850 

pellet 

LENGTH 

(INCH)= 

0.OS30 

0.1510 

STAGE AREA (SQ 

INCH)= 

l.auOO 

l.itOOO 

ALUMINA 

T rt K N S 

C INCH) =' 

0.0300 

6.0300 

BUS-BAR 

T H K f V 5 

( INCM)= 

0.0150 

0.0320 


EXCHANGER FACTOR 

hot 

COLD 

fluid iyre 

hater 

bOXEG 

PL4TE TEMP (K) 

319,22 

287.68 

INLET temp CM 

294.30 

' 274.90 

outlet (EMP (K) 

319.17 

267.92 

ht out of flo (h) 

-1 31 1 ,bb 

259.25 

plt-plt LU5S (a) 

10,10 

10.10 

PRANOTL No* B tR 

5.08255 

91 .38002 

REYNOLDS number 

15.71 

4.01 

NUSStL T‘ NUMBER 

t>.3439 

5 . 02bb 

heat THNSFR CuEF 

129. 7 8 7 0 

7 4 . 4b 7 6 

PRSS I)RP(1N «2y) 

0 . 0 lb 1 

1 .2625 

HEM) FT»(In H20 ) 

0.0001 

0.0011 

FLOh RT (LB/HR) 

100,00 

100.00 

EYCH HEIGHT (LB) 

41.75 

11.60 

FIN LENGTH (In) 

12.000 

12.000 

L V R LEnGIh (In) 

12.000 

12.000 

FIN HEIGHT (In) 

1 .205 

0.510 

FIN THKNSS (IN) 

0.015 

0.015 

NUMBER OF FINS 

32,00 

32.00 

fin epsilun 

0.99803 

0.9834b 


STEADY-STATE SYSTEM PURER CONDITIONS 
VuLTAGE (VUlTS) 18.500 

CURRENT (AMPS) 56.9b2 

fUrttk (AAfTS) 1053. 80 2_ 




81 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/21/77 1290 

5a TE UMTS MODEL NO. CX952-70-31 
rt IRE U AS 18 PARALLEL SETS. OF 3 UNITS _I_N_ SERIES 

thermoelectric device physical description 

height (INCH)= 0.9300' HEIGHT (GRAM)S 31.129 RESISTANCE (OHM)= 
COLD m*cP PER [ E DEVICE { haTT *SEC/C ) = 0 . S59 9ft£.*02 
HOT H*CP Pfw T £ DEVICE C« A T T *5>EC/C ) = 0.26973E*03 
COLD, HUT., INTERSTAGE CONDUCTIVITY (wATT/SQ I N/C ) s _ 6 „, 3 1 M3.,. .20,0 



T.F. MATERIAL 

Comm 

COMM 

COUPLE 

0 1 SI R 1 bUT I(JN = 

70.00 

31.00 

PELLET 

WIDTH 

IINCMJS 

0.0550 

0 . 0*50 

PELLET 

LENGTH 

( InCh)= 

0.0630 

0.1510 

STAGE area (SO 

INCH) » 

1 .auOO 

1 . aaoo 

alumina 

i HKNS 

UNCH) = 

' 0.0300 

0.0300 

SUS-dAR 

T HKNS 

C INCH)= 

0.0150 

0.0320 


EXCHANGER FACTOR 

HOT 

COLO 

fluid type 

WATER 

60* EG 

PLATE 1£MP (k) 

319.33 

269.91 

INLET TEMP (n) 

299.30 

279,90 

OUTLET TEMP (K) 

319.18 

270.00 

HT OUT UF FLOCw) 

-1 31 1. 9a 

273.93 

PLT-PLT LOSS (*) 

9. 76 

9.76 

PRANOTL NUMdER 

5.08361 

87.36576 

REYNOLDS Nu M b t R 

15.71 

6.32 

NUS~SF.LT NU««£r 

6 . 3 a 3 9 

5.0999 

HEAT TRNSFR CUfcF 

129.7668 

75.9309 

PRSS ORP (In H?0) 

0 . i) 1 6 1 

1.8068 

SEND FTR(In h?D) 

0.0001 

0.0029 

FLOW RT IL«/ w h) 

100.00 

150.00 

EXCH HEIGHT (Ld) 

91.75 

11.60 

FIN LENGTH UM 

12.000 

12.000 

LVR LENGTH UN) 

12.000 

12.000 

FIN HEIGHT ( IN) 

1.205 

0.510 

FIN ThknSS (IN) 

0.015 

0.015 

NU M dER OF FINS 

32.00 

32.00 

fin EPSILON 

0.99803 

0.89229 


STEADY-STATE SYSTEM POhER CONDITIONS 


voltage (volts) 
current camps) 

POWER (WAITS) 


IS. 500 
57.125 
In5h.su 


1.579 
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system performance description date 01/21/77 no9 

59 TE UNITS MODEL NO. CX952-70-31 
HIKED AS_1S PARALLEL sets OF 3 UNITS IN SERIES 


IHEkmOF.LECTKIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT (INCH): 0.9300 WEIGHT (GRAM): 21.129 RESISTANCE (OHM) : 
COLO M*CP PFR Tt DEVICE (aATT*SEC/C) = 0 . 5 5«a H E+O 2 
HOT M*CP PER IE DEVICE (*ATT»$EC/C)= 0.2b973E+03 
^QLOjJjOT, INTERS! AGE CONDUCTIVITY (WATT/SQ IN/C) = _ 6 .3,_ 6.3, 20.0 



t.e. material 

COMM 

COMM 

COUPLE 

DISTRIBUTION: 

>0.00 

31.00 

PELLET 

A IOTH 

l INCH ) S 

0.0550 

0.0350 

PELLET 

LENGTm 

(I-YCH) = 

0.0630 

0.1510 

STAGE AREA (SO 

INCH): 

. 1.0900 

1 .9000 

ALUMINA 

T HK NS 

(INCH): 

0.0300 

0.0300 

BUS-HAR 

I H K NS 

(INCH)s 

0.0150 

0.0320 


exchanger factor 

HOT 

COLD 

fluio type 

a A TER 

60* EG 

PLATE TEMP (A) 

319. 30 

270.30 

INLEI TEMP (K) 

299.30 

27 9.90 

OUTLET TEMP (K) 

319. ?5 

271. t5 

HT OUT OF FLD(ft) 

-1 315.7a 

279.81 

3 LT-PLT LOSS (a) 

O.bO 

9.60 

PRANOTL NUMBER 

5.07895 

85.2b795 

REYNOLDS NUM8ER 

15.72 

8.65 

NUSSF.Ll NUMBER 

b . 30 39 

5.1615 

HE A I THNaFR CLEF 

129.7798 

76.3905 

ARSS DRPUN H?0) 

0.0JR1 

2.3991 

3EN0 FTR(Iv h 2 0 ) 

n.nnoi 

0.0092 

FlOa RT (LH/HR) 

lon.no 

200.00 

•XCH WEIGHT (18) 

91.75 

1 1.60 

FIN LENGTH IIN) 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HF1GHT (IN) 

1.205 

0.510 

FIN ThknSS (In) 

0.015 

0.015 

NUMBER OF FINS 

32.00 

32.00 

FIN FPS1L0N 

0.9950 5 

0.81525 


STEADY-STATE 

SYSTEM 

PQwER 

CONDITIONS 

voltage 

(VOLTS) 

18 

.500 

CURRENT 

( AMPS) 

57 

.178 

power 

(wATTS) 

1057 

.795 


0M6WABBAGBE 

OS POOR QUALITY 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

50 re UNITS MODEL NO. CX952-70-SI 

h ireo as is parallel sets of 3 units in series 

THERMOELECTRIC OEVICE PHYSICAL DESCRIPTION* 

HEIGHT (INCf)s 0 . a 30 0 HEIGHT (GRAM) = 51 . 1.59 RESISTANCE 10hMI= 
COLD m.cP PER TE DEVICE ('« A T T * SEC/C ) = 0.5Stta8E*02 
hUT m*CP PER IE OEVICE ( N A T T * SEC/C ) = 0. 269736 + 03 
COLD.HjjT , INTERSTAGE CONDUCTIVITY (HATT/SG IN/C)= 6.3, 6.3, 20.0 



T.E. MATERIAL 

COMM 

comm 

COUPLE 

UISTRleul ION = 

70.00 

31.00 

PELLET 

R 1 0 T H 

( I NC H ) — 

0.0550 

0.0850 

PELLET 

LENGTH 

IINCH)= 

0.0630 

0.1510 

STAGE AREA (SO 

1NCH)= 

l.uaOO 

l .auoo 

ALUMINA 

THANS 

( INCH) 3 

0.0300 

0.0300 

8US-8AH 

THANS 

(INCH)= 

0.0150 

0.0320 


EXCHANGER FACTQk 

HOT 

COLD 

FLUID TYRE 

NATER 

60XEG 

PLATE TEMP (A) 

J1R.5« 

271.18 

INLET fE«P UJ 

29a. jo 

27a. 90 

OUTLET TEMP (A) 

319.99 

272.36 

HT OUT OF FLU(a) 

-1328.70 

28U. 78 

PLT-PlT LOSS (*) 

R. 07 

9. <17 

PR4N0TL NU m 6 e r 

5.08395 

83.12581 

REYNOLDS N u v R E R 

IS. 76 

13.33 

NUSSELT nu v 9ER 

6.3939 

5.2891 

HEAT TkNSFw COEF 

129.8251 

78.2992 

PkSS 0RP(IN m 2 0 ) 

0.0161 

3 . a 3 3 3 

REND FTR(1n H20) 

0.0001 

0.0095 

FLOn r T (LH/hr) 

100.00 

300.00 

EXCH HEIGHT <Ld> 

ai.75 

11.60 

FIN LENGTH (In) 

12.000 

12.000 

LV» LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1 .205 

0.510 

FIN TmKNSS (IN) 

0.015 

0.015 

NUMBER UF fins 

32.00 

32.00 

FIN EPSILON 

0. 9980a 

0.68337 


STEAOY-STATE SYSIEm PU«ER CONDITIONS 


VOLTAGE (VOLTS) 
CURRENT (ARPS) 
PUftER CfATTS) 


18.500 
57.160 
1 057 . <166 


1.579 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

54 TE UNITS MUOEL NO. CX9S2-70-31 
JiIREO AS 18 PARALLEL SETS OF 3 UNITS IN SERIES 

IhEhmuELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT (1nCH)= 0.4300 HEIGHT (GRAM)= 21.129 RESISTANCE (QHMIs 
COLD m.cP PER fE OEvICE (*A T T *SF C /C ) = 0.5S4U8E+02 
HOT M.CP PtK IE DEVICE (hAT7*SEC/C)= 0.2b9/3fc+03 
C0L_D jL H02 i lNTEf<STAG£ CONDUCTIVITY (hATT/SQ IN/CJ= 6.3, 6.3,_ 20.0 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

0 IS 1 x trt'JT Iun = 

70.00 

31.00 

PELLET 

a I 0 Th 

( Inch ) = 

0.0550 

0.0850 

PELLET 

length 

( INCH) S 

0.0630 

0.1510 

STAGE AREA (SO 

INCH ) = 

1.4400 

1 .4400 

ALUMINA 

f hkNS 

(INCH)= 

0.0300 

0.0300 

SUS-6AR 

T hanS 

C InCh) = 

0.0150 

0.0320 


exchanger factor 

HOT 

COLD 

fluio type 

aAJER 

60XEG 

plate TEMP U) 

319.96 

271,90 

inlet TEMP (X) 

244.30 

274.90 

OUTLET T£«P ( K ) 

31 9.91 

273.36 

HT OUT UF FLu(a) 

-1350.79 

287.26 

plt-plt LOSS (*) 

4.42 

9.42 

PRandTl number 

S. 03919 

81.40005 

REYNOLDS NU M 6tR 

15.83 

22.71 

nusse'l i number 

6.3439 

' '5.52 31 

HEAT TRNSFr C uE F 

129.9030 

6 1 . 68 b 6 

PR5S DRP(IN H20) 

0.0160 

5.6073 

BENO FTh.(In h20) 

0.0001 

0.0264 

FLO* R I (LR/hr) 

100.00 

500.00 

EXCH WEIGHT (LS ) 

41.75 

11,60 

fin- Length uni 

12.000 

12.000' 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (t,\) 

1 .205 

0.510 

FIN THxrvSS (In) 

0.015 

0.015 

NUMBER OF FINS 

32.00 

52.00 

FIN EPSILuN 

0.99804 

0.51209 


STEADY-STATE SYSTEM P()<sE« CONDITIONS 


VOLTAGE (VOLTS) 
CURRENT (amPS) 
PU*£* (haTTS) 


18.500 

57.057 

1055.553 


ffl£3S5« 
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STiltM PFrFOkvancE DESCRIPTION GATE 01/20/77 1537 

54 It UMTS ''nGF L NU. CX952-70-31 

aI«eo as i® parallel Sc.ts uf 3 units in stRiES 

iHEhviotLECTHIC OEVICE PHYSICAL DESCRIPTION 
hEIGmT (Inch)= 0 . 4 3 (1 0 HEIGHT (GRAM)= 21.124 RESISTANCE {OHM)= 
COLO “*CR PER IE DEVICE C* A T T * SEC/C ) = 0.55449E+02 
HUt R»CP PE k TE DEVICE ( «A TT * SE C/ C ) = 0.26473E+03 
CDLO, HUT, InTErS Ul,E CONOUCTIVITY (hATT/SU IN/CJ= 6.3, 6.3, 20.0 



T.F. 

ATERTAL 

COP” 

comm 

COUPLE 

UlSIfiiHurH'N = 

70.00 

31.00 

PELLET 

,> i nr « 

l InCM = 

0.0550 

0.0*50 

PELLET 

LENT, lh 

U-vCn) = 

0.0630 

0.1510 

STAGE AktA (50 

INCH)= 

1.4400 

1 .4400 

'alumina 

} n^fvS 

( I nC*)= 

0.0300 

0.03O0 

PUS-dAR 

T iK\S 

( INCH) — 

0.0150 

0-.0 320 


EXCHANGER FACTOR 

mi)I 

COLD 

FLUID I YPE 

aATFR 

60XF G 

PLATE TE«P (a) 

319.64 

2 7 2. 1 9 

inlet te«p u) 

2°4. 30 

274.90 

OUTLET TE"P (*) 

319.54 

273.79 

HI OJT OF FLOU) 

-t 333.4® 

291 .95 

PLT-PLT LU5S (a) 

4.29 

9.29 

PRANOTL N0«hER 

5.05521 

60.69?66 

rE YNULD5 •jURRFR 

15.7* 

32.0 9 

NUSSELl Nu“6Ek 

6.3439 

5.7344 

h£AT TRNSFR CufF 

124.9431 

«4. 7991 

PrSS OkPUN h20) 

0.0160 

7.7926 

3EM) F T R ( 1 h?0) 

0.000) 

0.0517 

FLUa RT (Lh/hr) 

1 00 . on 

700.00 

ExCH HEIGHT (Lr.) 

41.75 

1 1.60 

FIN LF.NGTh (IN) 

12.000 

12.000 

LVR LENG T « (JN) 

12.000 

12.000 

FIN HF It9Hf ( IN) 

1 .205 

0.510 

FIN IkknSS (In) 

0. y 1 5 

0.015 

N U " H E R OF FI NS 

32.00 

32.00 

FIN EPSILON 

0 . 44004 

0.41175 


STEAOT-STATfc SYSTE't KOAER CONDITIONS 


VOL f AGt (VULtS) 
CURRENT ( amps ) 
PO*f n ( aA T IS) 


I*. 500 
57,214 
lOSA . 467 


1.579 
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SySIEm PERF uRmancE DESCRIPTION DATE 01/50/77 1537 

5« Tt UMTS muDEL NO. 0X955-70-31 
yJREO as ip Parallel SETS of 3 UNITS IN SERIES 

thermoelectric device physical description 
HEIGHT C INCH ) : 0,4300 HEIGHT (GRAM)a 21.129 RESISTANCE (OHM)= 



COLD m * q P 

PER If DEVICE 

(waTT*SEC/C) 

= 0 .554486+02 


HOT H«CP 

PER IE DEVICE 

(PATT + SF.C/C) 

= 0.269736+03 


_ COLD. HOI , 

INTExST AGt COnDUC T I V I T Y (wATT/SG IN/C)= 



T.E. RATtwlAL 

COMM 

CO M +' 


couple 

distributions 

70.00 

31.00 


PELLET 

MOTH CINCH)= 

0.0550 

0 ,0850 


PELLET LENGTH QnCH} = 

0.0b30 

0.1510 


STAGE AREA 1SG Inch) — 

1 .4400 

l ,440() 


Alumina 

IhanS (Inch): 

0.0300 

0.0300 


HUS-SaR 

ThknS C1nCh)= 

0.0150 

0,0320 


Exchanger factor 

HUT 

COLD 

fluid Type 

WATER 

60XEG 

plate temp (k) 

JOS. 08 

265.75 

inlet temp cm 

294.30 

274.90 

outlet ItMP ( K ) 

503,71 

266,03 

HT OUT OF FlDU) 

-laftR.bl 

326.90 

PLT-PLT LOSS If) 

7,70 

7.70 

PRaNDTL number 

6.10671 

95.13932 

REYNOLDS NO+HER 

40.09 

3.B5 

NUSSEL I IjUMoER 

6.4172 

5.0261 

HEAT TRNSFk C06F 

123.4371 

74.5006 

PRSS DRPCIN h20) 

0.057 1 

1 .3173 

SEND FTR(In n2u) 

0.0005 

o.oou 

FLOW RT { L r / hr ) 

300.00 

100 .no 

ExCh WEIGHT (L60 

“1.75 

11.60 

FIN L E N 6 T H "(IN) 

12.000 

12.000 

LVR LENGTH (In) 

12.000 

12.000 

FIN HEIGHT (IN) 

1 .205 

0.510 

FIN T h K N S S (IN) 

0.015 

0.015 

wUMHER OF F)nS 

32 .o'o 

32.00 

fin epsilon 

0 , 6 7 3 1 R 

0.96376 


STEADY-STATE SYStt“ PO*Ek CONDITIONS 


VULTAGE l VOLT S ) 
CURRENT (AMPS) 

PUNtK 1/.ATTS) 


18,500 

62.572 

1157,590 




1,579 


87 



srstt* PERFORMANCE DESCRIPTION DATE 01/21/77 1240 

54 TE UNITS MUOEL NO. CX952-70-31 

rtIREO„AS_. ,t«T PARALLEL SETS OF .3 UNITS IN SERIES 

thermoelectric device physical description 

HEIGHT (INCH)= 0.4500 height (GRAM)? 21.129 RESISTANCE (OHM}= 1.579 
COLD M*CP PER TE DEVICE ( HA T T *SEC /C ) = 0.55448E+02 
HOT M»CP PER Te uEvICE (haTT*SEC/C)= 0.26973E+03 
CO LO . HOT, IN TERSTAGE CUNOUCTIVITr (HATT/SO IN/C)= 6,i, 20,0 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

OISTRIdUliON= 

70.00 

31.00 

PELLET 

hTOTH 

C INCH)= 

0,0550 

0 , 0850 

PELLET 

LENGTH 

UNCH) = 

0.0630 

0.1510 

STAGE area (Su 

INCH) s 

1 ,4400 

1,4400 

ALUMINA 

Thkns 

( I N C M 3 = 

0.0300 

0,0300 

BUS-SAR 

T hknS 

( INCH) S 

0.0150 

0,0320 


EXCHANGER FACTOR HOT COLO 

FLUID I Y PE HATER 60XEG 

PLATE TEMP (k) 505.13 267.97 


INLET TtMP (KJ 
OUTLET TEMP (a) 
HT Our OF FLO(tt) 
PLT-PLT LOSS (n) 
PSAnDTl NUMdEH 
_RE_TNOLOS jv U w h E R 
~ NUSSEL f ’ number 
HEAT TRNSFR COEF 
PRSS ORPCIN H2U) 
BEND F T R ( I N h2n) 
FLOh RT (LB/hR) 
E XCH HEIGHT (L8) 
FIN LENGTH UN) 
LV» LENGTH UN) 
FIN HEIGHT (IN) 
FIN IHKNSS (IN) 
Number uf fins 
FINJEPSJLOn 


294.30 274.90 

305.76 268.72 

-1496.48 344. Si 

7.28 7.28 

6 . 10404 89.81890 

40.11 6.13 

6.41 7 2 5.0943 

128.4435 75.4514 

0.0570 1.8604 

0.0005 0.0024 

.300.00 150.00 

41.75 11.60 

12.000 12.000 

12.000 ' 12.000 

1.205 0.510 

0.015 0.015 

32.00 52.00 

0.87319 0.89265 



STEADY-STATE SYSTEM POhER CONDITIONS 
VOLTAGE (VOLTS) 18.500 

CURRENT (AMPS) 62. 751 

Puh£R_ IhA T T a ) 1160,888 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

5« It UNITS MODEL NO. C* 952- 70-31 
* I R E 0_ A S _ 18 PARALLEL SETS OF 3 UNITS IN SERIES 

THERMOELECTRIC DEVICE PHYSICAL description 
HEIGHT (INCH)= 0.9300 HEIGHT (GRAM)s 21.129 RESISTANCE (OHM)= 
COLO M*CP PER Tt DEVICE ( «A T T* SEC /C ) = 0.55448E+02 
HOT M«CP PER TE DEVICE 1 HA T T *SEC /C ) = 0.26973E+O3 
COLO, HOT, INTERSTAGE CONDUCTIVITY (*ATT/SQ IN/C)=_ 6.3 j 6,3, _20,0 



T.E. MATERIAL 

COmm 

COMM 

COUPLE 

DISTRIBUTIONS 

70.00 

31.00 

PELLET 

aIOIh 

C I NC K ) = 

0.0550 

0.0850 

PELLET 

length 

(INCH)S 

0 . 0830 

0.1510 

STAGE AREA (SO 

INCH) S 

1 .aiioO 

1,9900 

ALUMINA 

Thkns 

(INCH) = 

0.0300 

0.0300 

BUS-BAR 

ThkN5 

(INCH)= 

0.0150 

0.0320 


exchanger factor 

HOT 

COLO 

FLU 1 0 TYPE 

"A TER 

60XEG 

PLATE TEMP (K) 

305.28 

269.10 

INLET TEMP (Kj 

299. 30 

279.90 

OUTLET TEmp (k) 

303.89 

270.17 

HT OUT OF FLO(H) 

-1517.03 

352.06 

PLT-PLT LUSS U) 

7.09 

7.09 

phandtl number 

8.09313 

87.04656 

REYNOLDS NUMriER 

90.17 

8.46 

NUSSELT n<jM6ER 

6.9172 

5.1609 

HEAT TRNSFR CUEF 

128.9699 

76.0038 

PR SS DRP(IM H20) 

0.0569 

2.4008 

dENO FTR ( In h?u) 

0.0005 

0.0042 

FLUrt HI (L8/HR) 

300.00 

200.00 

EXCH rtE I bH T (LH) 

91.75 

11.60 

FIN LENGTH (IN) 

12.000 

12.000 

LVR LENGTH UN) 

12.000 

12.000 

FIN HEIGHT UN) 

1.205 

0.510 

FIN IBKNSS (In) 

0.015 

0.015 

NUMBER UF fins 

32.00 

32.00 

FIN EPSILON 

0.67 322 

0.8)564 


STEADY-STATE SYSTEM PO*EH CONDITIONS 


VOLTAGE (VOLTS) 
CURRENT (AMPS) 
POrtEK (WATTS) 


18.500 
62.782 
1 lbl.960 


ORIGINAL PAGE IS 
OE POOR QUALITY 


1 .579 



SYSTEM PERFORMANCE DESCRIPTION OATE 01/30/77 1237 

54 TE UNITS MODEL NO. CX952-70-31 
WI RE D AS 1? PARALLEL SETS OF 3 UNITS IN SERIES * 

lhERMUELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT (INCH)= 0.4300 WEIGHT (GRam)= 21.129 RESISTANCE (OHM)= 
COLD M*CP PER TE DEVICE (*ATT*SEC/C) = 0.55448E+02 
HUT M*CP PER TE DEVICE I * A T T *SEC /C ) = 0.26973E+03 
COLO, HOT , INTERSTAGE CONDUCTIVITY (wATT/SQ IN/C)=_ 6.3, __ 6.3, 20.0 



r.E. MATERIAL 

COMM 

COMM 

COUPLE 

0ISTRI8UT IUNS 

70.00 

31.00 

PELLET 

wIDTh 

(XNCHJr 

0.0550 

0.0850 

PELLET 

LENGTH 

(INCH)= 

0.0630 

0.1510 

STAGE AREA (SU 

Inch) s 

1.4400 

1.4400 

ALUMINA 

f HK NS 

( InCh) s' 

0.0300 

0.0300 

ciUS-BAR 

F hkNS 

(INCH)S 

0.0150 

0.0320 


EXCHANGER FAClOR 

HOT 

COLO 

fluid type 

wATFR 

bOtEG 

PLATE TEMP ( K ) 

305.35 

270.19 

INLET I £ mP (X) 

294.30 

274.90 

OUTLET IEMP (x) 

303.95 

271.68 

HT OUT OF FLO(w) 

-1526.28 

360.24 

PLT-PLT LUSS <«y) 

6.89 

6.89 

PRANDTL NUMBER 

6.08871 

84.31093 

REYNOLDS NUMBER 

40.20 

13.13 

NUSSELT Number 

6.417? 

5.2884 

HEAT TRNSFR COEF 

128.4800 

78.2552 

PRSS UrP(In h?0 ) 

0.0569 

3.4850 

eENO FTRIIn m20) 

0.0005 

0.0095 

FLOW RT (L«/HR) 

300.00 

300.00 

EXCh WEIGH 1 CL«) 

41.75 

11.60 

FIN LENGTH IIn) 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT IIN) 

1 .205 

0.510 

FIN TmKnSS (IN) 

0.015 

0.015 

NUMbER OF F INS 

32.00 

32.00 

FIN EPSILON 

9.87325 

0 . 68 3b 7 


STEADY-STATE SYStEM POWER CONDITIONS 
VOLTAGE IVULTS) 16.500 

CURRENT (AMPS) 62.649 

POWER (WATTS) l 1 62._7 05_ 



1 .579 
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SYSTEM PERFORMANCE OFSCRIPTION DATE 01/20/7? 1237 

5a TE uMTS MODEL MO. CXRS2-70-31 
MREQ_.AS IK PARALLEL SETS OF 3 UNITS IN SERIES 

T HfcrtMnELECT R IC DEVICE PHYSICAL DESCRIPTION 
HEIGHT 1 INCH ) = O.ajOO *’! 1 1 G h T (GRAM) z P 1 .. 12 R RESISTANCE (ClHM):: 
COLO “«CP PE* Tt USVlCE ( /• A T T *SEC / C I = 0 .55«a«F + 0 2 
HOT h»cP PEh IE OtvlCfc ( ha T I ► SEC /C ) = 0.26973E+U3 
C-Qt-Qj-R-OJ,! InTEkSTA&c CONDUCTIVITY C/'ATT/SQ In/C J s 6,3, 6.3, 20,0 



T.E. material 

COMm 

COMM 

COUPLE 

0 I S 1 R I DU T I UN = 

70.00 

31.00 

pellet 

A 1 0 Th 

UnCm): 

0.0550 

0 , 0 050 

pellet 

LENGTH 

UNCHJ = 

0.0630 

0.1510 

STAGE AREA (SO 

INCH): 

1 .«000 

1 , aono 

ALUMNA 

ThknS 

IInCh)= 

0.0500 

0.0300 

SUS-aAfi 

Thrns 

C INCH) = 

0 . 0 1 SO 

0.0320 


excharger facTuk 

HOT 

COLO 

fluid type 

WATER 

feOiEG 

PLATE TEmp CO 

305. UO 

271.07 

INLET TfcRP IK) 

290.30 

27U.60 

OUTLET TE"P IK) 

303.99 

272.R0 

HT O'JT OF FlOU) 

-1533. P« 

366. bU 

PLS-PLT LOSS C >\ ) 

6.73 

6.7 3 

PrAN'OTl , <iJ“HER 

6.0RM l 

R2. 12351 

REYNOLDS NltMHg R 

<10.?? 

22.50 

MUSSEL I vI.^hPk 

b ♦ 0 1 7 2 

5.5220 

HEAT TRNSPR CUFF 

1 ?H.u6«h 

21.6862 

PR SS 3xKh "SO) 

0.0566 

5.bS<5>7 

gENO FlkUM n20) 

0 . oons 

0.026a 

FLU/i HT t L’i /"R ) 

30<l. oo 

S0O .00 

EX C H XEIGHl (IH) 

01 .75 

1 1 .60 

FIn lEnGT h (IN) 

1 2.0 O0 

12.000 

LvR LENGTH (IN) 

1 2.000 

12.000 

FIN mEIGhT tin) 

1 .2 05 

0.510 

F]n T hKnSS (IN) 

11.015 

0.015 

NuMSEk UF FIN5 

52.00 

32.00 

F IN EPSILUN 

<l.H?32<l 

0,51225 


STEADY-STATE StSTE- PdaER CONDITIONS 
VOL I AGE IvOLTS) 18.500 

CURRENT (AMPS) 6? . R03 


PUaER UMTS) 1163.707 


ORIGIN All PAGE $3 
OE POOR QUALITY 
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system PERFORMANCE DESCRIPTION DATE 01/?0/77 1237 

50 IE UNITS MUDSL NO. CX952-70-31 
WIREO AS lfl PARALLEL SETS OF 3 UNITS IN SERIES^ 

THERMOELECTRIC OEVICE PHYSICAL DESCRIPTION 
HEIGHT CINCH)= 0.a300 WEIGHT (GRAM); 2t.l29 RE S I ST ANCE (OHM)= 

COLO M*CP PER TE OEVICE C wA T T*SEC/C ) = 0.550O8E+02 r 

HOT M«CP PER TE DEVICE I ha T T * SEC/C ) =• 0.26973E+03 
COLD, HOT, INTERSTAGE CONDUCTIVITY (WATT/SQ 1N/C)= 6.3 j_ 6.3, 20.0 



T.E. MATERIAL 

Comm 

COMM 

COUPLE 

distributions 

70.00 

31.00 

PELLET 

width 

I INCH) 5 

0.0550 

0.OS50 

PELLET 

LENGTH 

( INCH ) ~ 

0.0630 

0.1510 

STAGE area (SU 

INCH) 5 

t.aooo 

1 .0000 

ALUMINA 

Thk NS 

C INCH) S 

0.0300 ' 

0.0300 

hus-sar 

THKNS 

(InCh)s 

0.0150 

0 . 0320 


EXCHANGER factor 

HOT 

CULD 

FLUID TTPE 

WATER 

60XEG 

PLATE TE“P (*) 

305.02 

271.07 

INLET T E “P (k) 

290.30 

270.90 

outlet TE-P (A) 

300.01 

2 7c3 . 0 9 

HT OUT uF FL0t«) 

-1536.86 

369.52 

PLT-PLT LuSS (w) 

6. 65 

6.65 

PR4N0TL numh£R 

6.06372 

81 . 18763 

REYNOLDS NUMBER 

uO.22 

31 .89 

NUSSELT numHEk 

6.017? 

5.7336 

HEAT TKNSFw CUt'F 

128.0919 

60.7960 

PRSS ORPllN H20 ) 

0.0569 

7.8028 

SEND FIRUn h20) 

0.0OO5 

0.0517 

FLOW HI (LS/hR) 

500.00 

700.00 

EXCH WEIGHT ( L w ) 

01.75 

1 1.60 

FIN LENGTH (In) 

12.000 

12.000 

LVR LENGTH ( IN) 

12.000 

12.000 

FIN height (IN) 

1.205 

0.510 

FIN THknSS llNl 

0.015 

0.015 

NUMSER OF FINS 

32.00 

32.00 

FIN EPSILON 

0.67325 

__ 0.0 1180 


STEADY-STATE SYSTEM POWER CONDITIONS 


VOLTAGE (VOLTS) 
CuRREN f [AMPS) 
POwE» IwATTS) 


18.500 

62.929 

1160.193 


1 .579 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 

5a rt UNITS MODEL NO. CX952-70-S1 
HIRE D A S 18 PARALLEL SETS OF 3 UNITS IN SERIES. 

thermoelectric device physical description 

HEIGHT ( Inch ) s 0.4300 WEIGHT (GRAM)= 31.129 RESISTANCE 
COLD «*CP PER TE DEVICE (wATT*5EC/C)s 0.55448E+02 
HOT m*CH PER TE DEVICE { hATT *S6C/C5 s n .3697 3E>03 
COLD. H OT, INTERSTAGE CONDUCTIVITY (hATT/SD IN/C) = fe.3_, 6 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

DISTRIBUTION: 

70.00 

31 .00 

PELLET 

rt 1 0 ^ rt 

UNCH) = 

0.0550 

0.0850 

PELLET 

LPNGlh 

(IiVCH)s 

0.0630 

0.1510 

STAGE ak£a (sn 

InCh ) s 

1 .««00 

i .4400 

alumina 

THKNS 

(INCH) s' 

0.0300 - 

0.0300 

3US-8AR 

THKNS 

1 INCHJS 

0.0150 

0.0320 


EXCHANGER factor 

HOT 

COLO 

FLUIO I Y PE 

WATER 

60XEG 

PLATE TE*P (K) 

302 . ao 

265.39 

INLET CtMP ( K ) 

294.30 

274. RO 

OUTLET TEMP (K> 

300.07 

265.74 

HT OUT OF FLO (w) 

-1520.96 

339.50 

plt-plt LOSS l«) 

7.25 

7.25 

pranotl number 

6. 59313 

95.86483 

REYNOLDS .\iW6ER 

60. 16 

3.82 

nusselt number 

6. 4946 

5.0260 

HEAT I KNSFR CUEF 

129.3114 

74.5067 

PRSS OR P ( IN h20) 

0.0994 

1.3279 

bENO FTR ( I N n?u) 

0.0013 

0.0011 

FLOW RT { L 8 / HR ) 

500.00 

100.00 

EXCH WEIGHT (L0) 

41 .75 

11.60 

FIN LENGTH (IN) 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN ThAftSS (IN) 

0.015 

0.015 

NUMflER of fins 

32.00 

32.00 

FIN EPSILON 

0.71173 

0.96382 


STEiOr-STiTE SYSTEM POwER CONDITIONS 


VOLTAGE tVULTSJ 
current (amps) 
PO*Ek CaATTS) 


IS. 500 
63. 6.78 
1178.037 


ORIGINAL PAGE IS 
OF POOR QUALFH1 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/21/77 1240 

54 TE UNITS MODEL NO. CX952-70-31 

WIR ED A S V«. PARALLEL. SETS OF __ 3. UNITS IN SERIES 

thermoelectric device physical description 

height CINCH>= 0.4300 WEIGHT (GRAM)= 21.129 RESISTANCE COHM)= 1.579 
COLO m*cP PER TE DEVICE C*A TT*SEC/C) = 0.5544RE+02 
HUT M*CP PER TE DEVICE (wATT*SEC/C)= 0.2fe973E+03 

cold, hut. interstage conductivity iwatt/sq in/cjs _s,3t_ fc.3j_.20j0 



r.E. material 

COMM 

COMM 

COUPLE 

OISTRIHUTIONs 

70.00 

31.00 

PELLET 

wIOTh 

( INCH ) s 

0.0550 

0.0850 

PELLET 

LENGIh 

( INCh)= 

0 . Ob 30 

0.1510 

STAGE area (SU 

INCH) = 

1.4400 

1 .4400 

ALUMINA 

ThKNS 

( I«CH)= 

0.0300 

0.0300 

9US-8AR 

T h K fj S 

( INCH) s 

0.0150 

0.0320 


EXCHANGER FACTOR 

FLU I 0 type 

PLATE TEMP CK ) 

INLET Tfc'wp (K) 
OUTLET TE M P l*J 
HT OUT OF FLO(rt) 
PLT-PLT LOSS (w) 
PRANDTL NURPER 
" REYNOLDS N.i«HtR 

NUSSEL T'numRER 
HEAT TWNSFR CLEF 
PRSS OrPTIN h?0) 
8EN0 FTrCIn h20) 
FLOW «T (LH/HR) 

E *Ch *E I GhT__ ( Lfl ) 

FIN LENGTH (IN) 
LVR LENGTH (IN) 
FIN HEIGHT (IN) 
FIN ThKNSS (IN) 
NUMBER OF FINS 
FIN EPSILON 


HOT 

COLO 

waTER 

bOXEG 

502.47 

267.71 

294.30 

274.90 

500.11 

268. aa 

-1532.90 

357.82 

6.M 

6.81 

5.39037 

90.27314 

fcu.18 

b.10 

fc. 4948 

5.0941 

129.3178 

75.4551 

0.0994 

l .8703 

0.O0I 3 

0.0024 

500. 00 

150.00 

41.75 

11.60 

1 2 . o n o " 

“12.000 

12.000 

12.000 

1 .205 

0.510 

0.015 

0.015 

52.00 

32.00 

0,71174 

0.89273 


STEADY-STATE SYSTEM PUwEK CONDITIONS 
VOLTAGE IVULTS) 16.SO0 

CURRENT (AMPS) 63,859 

PQ wER (waTTS) llftl 397 
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$ t S 1 E * PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

54 Tfe UNI 15 MODEL NO. CX952-70-31 
«I_HE0_A.S 1« .PARALLEL SETS OF 3 UNITS IN SERIES _ 

thermoelectric oevice physical description 

HEIGHT (INCH)= 0.0300 HEIGHT (GRAM): 21.129 RESISTANCE (OHM)= 
COLD M*CP PER TE DEVICE (RATT«$EC/C) = 0 .55«ORE*02 
HOT m*0P PER TE DEVICE (haTT»SEC/C) = 0.2b973E*03 
C OLP. hOT.InTERSTAGE CONDUCTIVITY (hATT/SQ IN/Cl s_ b_.3_#_20.0 


T.E. MATERIAL 

COMM 

COMM 

COUPLE 0IST«I8UT1UN= 

70.00 

31 .00 

PELLET HlOfh (INCHls 

0.0550 

0.0850 

PELLET LENGTH 11NCH)= 

0.0530 

0.1510 

STAGE AREA (SU INCH)= 

1 .««oo 

1 * 4 uO 0 

ALUMINA f'HKNS "UNCH) = 

0.0300 

0.0300' 

6US-dAR ThkNS (INCh)= 

0.0150 

0.0320 


EXCHANGER FACTOR 

HUT 

COLD 

fluid type 

HATER 

60XEG 

PLATE TgMP (*) 

502.57 

258.87 

INLET IEmP (Kl 

~ 294. 30 

274.90 

OUTLET T £mR (x.) 

300.16 

2h9.96 

HT OUT OF FLO(rt) 

-1551 .5* 

3bb . 0 0 

plt-plt LOSS (H) 

5.50 

6 . bO 

PRANOTL NUMBER 

6. 38357 

87.39790 

REYNULD5 NUMBER 

54. ?a 

8.42 

NUSSElT “numbER 

5.U9US 

5 . 1 bO 7 

heat TRNSFW COtF 

129.3325 

7b. 40b 5 

PRSS ORPIIN H20) 

0.0993 

2.4110 

8EN0 FIRIIN H2UJ 

0.0013 

0.0042 

FLU/t RT (Lft/MR) 

500.00 

200.00 

ExCH HEIGHT IL3 ) 

41.75 

11. bO 

FIN LENGTH <1M " 

1 2.000 

12.000 

LVR LENGIh CIN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN THXNSS UN) 

0.015 

0.015 

NUMBER OF FINS 

32.00 

32.00 

FIN EPSILON 

0.7117b 

0.81572 


STEADY-STATE system HOhER CONDITIONS 
VOLTAGE tVULTS) 18.500 

CURRENT I A M P 5 ) 53.912 

POheR ChaTTS) 1182.388 


okig®ab^®® ; 
op poob Q UALUi 


l .57*5 


95 



SYSTEM PERFORMANCE DESCRIPTION date 01/20/77 1237 

59 TE UNITS muuEL NO. CX 952-7 0- 31 

*l*E-!L-*A. i* parallel sets of 3 units in series 

IHERMOELECTR 1C DEVICE PHYSICAL DESCRIPTION 
HEIGHT ( INCH ) = 0.9300 ftEIGHT (GRamjs 31.129 RESISTANCE (OHM)s 
COLD M*CP PER IE DEVICE ( HAT T * St C/C ) = 0 . 55998E+02 
hoi M«CP PER TE DEVICE ( *AT T *SEC/C ) = 0.26973E+03 
colo, ho t . inters r age conductivity cwatt/so in/cj= 6,3 ± 6.3,__ 20^0 



I . E. MATERIAL 

CQMM 

COMM 

COUPLE 

DISTRIBUTION: 

70.00 

31.00 

PELLET 

WIDTH 

IINCH)= 

0.0550 

0.0850 

pellet 

length 

( INCH 1 = 

0.0630 

0.1510 

stage AREA (so 

InCh) = 

1.9900 

l .9900 

alumina 

Thkns 

(INCH)“= 

0.0300 

0.0 300 ' 

BuS-Bak 

IHKNS 

l Inch js 

0.0150 

0.0320 


EXCHANGER FACTOR 

HOT 

COLO 

FLUID TYPE 

HATER 

60XEG 

PLATE ItMp ( k ) 

302.62 

270.01 

INLET TEMP («) 

299.30 

279,90 

outlet temp Ol) 

300.22 

271.55 

HT OUT OF FLO(w) 

-1561.23 

379.95 

PLT-PLT LOSS (*) 

6.39 

6.39 

pranotl number 

6. 38079 

89.53809 

REynULOS number 

69.27 

13.09 

NUSSELT M 1 J Mfi E ft 

6.9996 

5.2882 

heat trnsfr coef 

129.3389 

78.2563 

PRSS OR P ( I N H30) 

0.0992 

3.9999 

bend FTR(IN H?0) 

0.U01 5 

0.0095 

FLOW RT (LB/Hk) 

500.no 

300.00 

ExCm WEIGHT (Lb) 

91.75 

11.60 

FIN LENGTH (In) 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

F IN HEIGHT ( IN) 

1.205 

0.510 

FIN ThKnSS (IN) 

0.015 

0.015 

Number of fins 

32.00 

52.00 

fin epsilon 

0.71177 

0.68373 


STEADY-STAIE system POWER CONDITIONS 


voltage (VOLTS) 
CURRENT (AMPS) 
POWER (WATTS) 


18.500 

63.989 

1183.793 


1 .579 
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system performance inscription date 01 / 20/77 1237 

5« Tt UNITS MODEL no. CX952-70-S1 
WIRED AS 16 PARALLEL SETS OF 3 UNITS IN SERIES 

THtKMUELEC TR 1C OE V ICE PHYSICAL DESCRIPTION* 

HEIGHT ( INCH) = 0.0300 WEIGHT CGRAMJs 21.129 RFS I ST ANCE , (OHM) = 1.579 

COLO m*C-P PER IE DEVICE ( w* T T *SFC/C) s 0.5S«a8t+02 
HOT M«CP PER IE DEVICE { w A T T *SEC /C ) = 0.2b973E+03 
COLO. HU T, I NTERSTAGE CONOUCriVITY (wATT/SU IN/C)= 5.3, 6.3,_ 20.0 _ 



T.E. MATERIAL 

COMm 

CQMM 

COUPLE 

OISTRIBUI IOns 

70.00 

31 .00 

PELLET 

a I o t H 

(1NCH)= 

0.0550 

0.0850 

pellet 

LENGIm 

(1NCH}= 

0.0630 

0.1510 

stage area csu 

INCH) = 

1 ,«uoo 

l ,O«O0 

ALUMINA 

ThkNS 

(INCH)s' 

0.0300 “ 

0.0300 

8US-6AR 

ThknS 

(INCh)— 

0.0150 

0.0320 


EXCHANGER factor 

HOT 

COLD 

fluio type 

WATER 

60IEG 

PLATE IEMP (K) 

302.66 

270.91 

INLET TEmp ( k ) 

29a. 30~ 

270.90 

OUTLET T£MP ( K ) 

300.25 

272.86 

HT OUT OF FLO(w) 

-15&9.00 

381.28 

PLT-PLT LOSS (w) 

6.22 

6.22 

PRAnOTL NURP£R 

6.37821 

82.25760 

RETNOLOS NUMk£k 

6«.29 

22. Oh 

NUSSfcL r NUMBER 

6.0005 

5.5222 

HEAT trnsfr coef 

129.30a) 

81.6861 

PRSS 0 RP ( I N H?0) 

0.0992 

5.6695 

BEND F TR ( IN H2y) 

0.0013 

0 . 0260 

FLOW R 1 (L6/HR) 

500.00 

500.00 

EXCH WEIGHT t L ft ) 

ul .75 

1 1..60 

FIN LENGTH (In) 

12.000 

12.000 

LVH LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN TmKNSS (IN) 

0 . 0 1 5 

0.015 

NUMBEk OF FInS 

32.00 

32.00 

FIN EPSILON 

0.71178 

0.51228 


STEAOY-STATE SYSTEM POwER CONDITIONS 
VOLIACE (VOLTS) 18.500 

CURRENT (AM.PS1 80.008 

P_0VJR_(WA.I TSI 1160.895 


ORIGINAL PA® IS 

OF POOR OUAUXY 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

TE UNITS MODEL NO. CX952-7Q-31 

*ij?tq >!_. i *. parallel sets of 3 units in series 

ThERMuELECTRIC OEVICE PHYSICAL DESCRIPTION 
HEIGHT (INCh)s 0.9300 HEIGHT (GRAm)= 21.129 RESISTANCE (OHM)= 
COLO H*CP PER IE DEVICE {•« A T T*SEC /C ) = 0 .5S49BE+0 2 
HOT m*cp PER TE OEvICE ( « A TT * SEC/C) = 0.26973E+03 
CO LO, HO T, INTERSIAGE CONDUCTIVITY OvaTT/SQ 1N/C)= 6.3,. ft, 3 t _ 20.0 



T.E. maTEPTAL 

COMM 

COMM 

COUPLE 

DISTRIBUTION: 

70.00 

31 .00 

PELLET 

hIDTN 

l INCH) = 

0.0550 

0 .0H50 

PELLET 

LENGTH 

UNCh) = 

0.0630 

0.1510 

stage AREA iso 

] NCh) = 

1 .9900 

1.9900 

ALUMINA 

THHNS 

CINCH ) = 

0.0300 ' 

0.0300 

8US-8AR 

THKNS 

l INCH) = 

0.0150 

0.0320 


EXCHANGER FACTOR 

HOT 

COLO 

Flu 10 TYPE 

HATER 

60XEG 

PLATE T£«*P ( K ) 

302.68 

271,33 

INLET "temp (R) 

‘ 299.30 

279.90 

OUTLET TEmp (a) 

300.27 

273.93 

HT UUT OF FLO(h) 

-1572.99 

389,51 

PLT-PLT loss (h) 

6.19 

b. 19 

PRANOTL VUMflEk 

6.37709 

81.26581 

REYN0L05 VUMjtER 

69.30 

31.69 

NUSSfcL r *JUMt(ER 

6.9996' 

5,7335 

HEAT TWNSFR COEF 

129.3972 

89.7959 

PRSS OKPCIN H?0) 

0.0992 

7.8528 

3EN0 FTR(IN *20) 

0.0013 

0.0517 

FLO* RF (LH/hR) 

500.00 

700.00 

EXCh «£ IGh f (LtiJ 

ul.75 

11.60 

FIN 'LENGTH' (IN) 

12.000 

' 12.000 

LVR LENGTH C If- J 

12.000 

12.000 

FIN HF1GHT UN) 

1.205 

0.510 

FIN f MKNSS UN) 

0.015 

0.015 

number of fins 

32.00 

32.00 

FIN EPSILUN 

0.71176 

0.9118b 


STEADY-STATE SYSTEM P0*ER CONDITIONS 


VOLTAGE (VULTS) 
CURRENT CAMPS) 
PURE" ChATTS) 


18.500 

64.077 

1185.919 


1.579 
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T c inlet = 70°F =,294.3°K 


ORIGINAL PAGE IS 
OP POOR QUALITY 
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5YSIEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237 

54 IE UNITS MOOEL NO. CX952-70-31 
ft IR E 0 AS 18 PAkALLEL SETS OF 3 UNITS IN SERIES _ . 

thermoelectric device physical description 

HEIGHT (INCH)r 0.4300 WEIGHT (GRAM)s 21.129 RESISTANCE (OHM)s 
COLD M*cm PER It DEVICE ( « A TT * SEC /C ) s 0.55««8E+02 
HOT M*CP PER TE DEVICE C * A T T * SEC /C ) = 0.26973E+03 
COLO. HO T, INTERSTAGE CONDUCTIVITY (*4TT/SQ IN/C)= 6_.3j 6.3, 20.0 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

DISTRIBUTION* 

70.00 

31.00 

PELLET 

*10 f K 

( INCH) a 

0.0550 

0.0650 

PELLET 

LENGTH 

(INCH)= 

0.0630 

0.1510 

STAGE AREA (SO 

INCH) 5 

1 .9900 

1 . 4900 

alumina 

T HK NS 

IINCH)= 

0.0300 

0.0300 

BUS-BAR 

thkns 

1 INCH)= 

0.0150 

0.0320 


EXCHANGER FACTOR 
FLUiO TYPE 

PLATE TEMP (k) 

INLET TEMP" IK) 
OUTLET TEMP oo 
hT OUT OF FLOtA) 
PLT-PLT LOSS (*) 
PHANDIL NliMHER 
_RE_YnOL_OS NUMBER 
MUSSEL f" umber 
HEAT TkNSFk COEF 
PRSS ORPUN H20) 
HENO FTh ( In n20) 
FLU« RT (lh/hr) 
E_XCH_-iEIGHj_ (LB) 
FIN LENGTH (IM 
LvR LENGTH (IN) 
FIN HEIGHT (IN) 
F]N T HKNSS (IN) 
NUMBE* OF fins 
fin epsilon 


HOT 

COLO 

RATER 

60XEG 

321.07 

284.20 

299.30 

29«. 30 

321.92 

289.63 

-1930.31 

373.32 

7.30 

7.30 

9.95992 

96.45921 

16.06 

H.31 

b. 3936 

5.0371 

1 3u.l 722 

73.7017 

0.0156 

0.6156 

0.0001 

0.0011 

100.00 

100.00 

91.75 

11.60 

12.000 

12.000 

12.000 

12.000 

1.205 

0.510 

0.015 

0.015 

32.00 

32.00 

0.9960b 

0.95727 


STEADY -5 TATF SYSTtM PO*ER CONDITIONS 
VOL 1 AGE (VULTS) 16.500 

CURRENT ( A mP s ) 57.603 

PU*E« (AATTS) 1065. 697 


1.579 


TOO 



SYSTEM performance DESCRIPTION DATE 01/21/77 1200 

50 Tt UNITS MODEL NO. CX9S2-70-31 
M_REO_»_S PARALLEL SFTS OF 3 UNITS IN SERIES _ * 

thermoelectric device physical description 

HEIGHT (Ii\iCh)= 0.O300 HEIGHT ( GR A M ) r P1.129 RESISTANCE (OHM) = 
COLD M*CP PER Te DEVICE ( * A T T * SEC /C ) ~ 0.55au8fc+02 
HOT **CP PER TE DEVICE CMTT«SEC/C) = 0.26973E+03 
COLO, HOT, INTERSTATE CONDUCTIVITY UATT/SGl [N/C ) = _ 6 . 3 , .. 6.3,__ 20.0 



T.E. MATERIAL 

COMM 

COMM 

CUUPLE 

DISTRIBUTION! 

70.00 

31.00 

pellet 

MOTh 

CINCH)! 

0.0550 

0.0850 

pellet 

LENGTH 

(INCH)! 

0.06 30 

0.1510 

STAGE 4 K E A (So 

INCH): 

1 . 9900 

1 ,9uno 

ALUMINA 

ThknS 

C I IX C H ) s 

0.0300 ' 

0.0300 

BUS-6AR 

I hK NS 

(INCH): 

0.0150 

0.0320 


EXCHANGER factor 

HUT 

COLO 

FLUID TYPE 

haTER 

60XEG 

PLATE TEmP (k) 

321.62 

286.69 

inlet te«p (a) 

' 290.30 

299.30 

OUTLET TEMP (Kl 

321.57 

287.56 

HT OUT OF FLO(ix) 

-1"38.09 

391.49 

plt-plt LOSS .(a) 

6.85 

6.85 

PRANOTL NUMBER 

9.99702 

99. 32809 

REYNOLDS NUMB E M 

16.09 

I 3. ! 2 

NUSSELT NUM0ER 

6.3038 

5.1121 

heat trnsfr coef 

130.1977 

79.7098 

PR S S ORPflN h20) 

0.0157 

0.8792 

BEND F Ik ( IN H20) 

o.oooi 

0.0029 

FlOH RT (LB/hR) 

100.00 

150.00 

EXCH HEIGHT (LB) 

91.75 

11 .60 

FIN LENGTH (IN) 

I 2 .ono 

12.000 

L vR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN THKiuSS (IN) 

0.015 

0.015 

NUMBER OF FInS 

32.00 

32.00 

FIN EPSILUN 

0.99eufe_ 

0.88027 


STEADY* STATE SYSTEM PUwER CONDITIONS 


VOL I A GE (VOLTS) 
CURRENT (A«PS) 
PO*FR UAITS) 


18.500 

57.770 

1068.753 


ORIGINAL PAGE IB 
OP POOR QUALITY] 
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SYSTEM PERFORMANCE DESCRIPTION date 01/31/77 1 1 OS 

54 re UNITS MODEL No. CX953-70-31 
yiREO_ A S_ 16 PARALLEL sets OF 3 UNITS IN SERIES . 

THtRMUtLECTRIC DEVICE PHYSICAL DESCRIPTION 
1EIGHT (INCH): O.U300 ftEIGHT (GRAM): 31.139 RESISTANCE (OHM): 
lOLO h.cp PER TE UEVICE ( *A TT«5EC/C 1 = 0.5S448E*03 
HOT M*CP PER It DEVICE (wA T T *SEC/C ) - 0.36973E+03 
)ol o f ho T j interstage conductivity (watt/sq in/c): .6,3, 6.3,__ 3o.o_ 



T.g. MATERIAL 

COMM 

CDMM 

COUPLE 

niSTRIHUTIONs 

70.00 

31.00 

PELLET 

* I 0 T H 

(INCH): 

0.0550 

0.0S50 

PELLET 

l£ng Th 

(INCH): 

0.0630 

0.1510 

STAGE area (S') 

INCH): 

1 .4400 

1.4000 

alumina 

ThknS 

( INCH) : 

0.0300 

0.0300 

aus-9A« 

TWKNS 

(INCH): 

0.0150 

0.0330 


;X CH ANGER FACI'JR 

HOT 

COLO 

FLUID type 

A I E R 

60XEG 

PLATE TEMP (k) 

331.73 

387.86 

INLET TEMP (Ft) 

394.30 

394.30 

OUTLET TEMP (Kj 

331 .65 

389.1 4 

IT OUT Of FLO ( ft ) 

-1443.79 

399.98 

*L I ”PL I LOSS (ft) 

6.63 

6.63 

PRANDTL numKER 

4.94103 

43.23466 

REYNOLOS numhER 

16.10 

17.98 

NUSSF.LT VUVHFR 

6.3438 

5.1856 

TEAT TRNSFR CHEF 

130.3172 

75.7349 

>RSS 0 R P ( 1 N h30) 

0.0157 

1 .1433 

IEnO FTRTIN hPO) 

n.OOOl 

0.0043 

FLO« RT ( Lh /hm ) 

100.00 

300.00 

I x C H ftFIGHT (L8) 

41.75 

11.60 

FIN LENGTH (IN) 

13.000 

13.000 

LVR LENGTH (IN) 

13.000 

13.000 

FIN HEIGHT (IN) 

1.305 

0.51 0 

FIN THKNSS (IN) 

0.015 

0.015 

NllMSE R UF FINS 

33.00 

33.00 

FIN EPSILON 

0. 99806 

0.80008 


steady-state system piker conditions 


voltage (VOLTS) 

CUKRFNT (AMPS) 
PUftER (a a It S 1 


IS. 501) 
57.839 
1070. 01S 


1.579 
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STSIEM PERFORMANCE DESCRIPTION DATE 01/21/7? 1240 

54 TE UNITS muoEL no. CX952-70-31 
A I REO AS 16 PARALLEL SETS OF _ 3 UNITS IN SERIES 


THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT C1NCH)= U.43O0 .yEIGHT (GRAM)s 21.129 RESISTANCE (GHM)= 1.579 
COLO M»CP PER IE DEVICE (*A T T*SEC/C) s 0.55448E+02 
HOT M*CP PER TE DEVICE (*ATT*SEC/C1 = 0.26973E*03 
Colo. hot, interstage conductivity cwatt/so in/c) = _ 6.3, eo.o 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

distributions 

70.00 

51.00 

PELLET 

MOTH 

t INCH )s 

0.0550 

0.0650 

PELLET 

LENGTH 

(INCH)s 

0.0630 

0.1510 

stage area csu 

I N C H ) s 

1.4400 

1.4400 

ALUMINA 

Thkns 

Tinchis" 

0.0300 

0.0300 

BUS-BAR 

ThKNS 

(INCH)S 

0.0150 

0.0320 


EXCHANGER FACTOR 
FLUIO type 

PLAT E IEHP C K ) 

INLET T E hP U) 
OUTLET TE-P (K) 
HT OUT' OF FLOI<v) 
PLT-PLT LUSS (*) 


PRANOTL nu m B£R 
REYNOLDS NU MBER 



NUSS6LT 


HEAT 

TRNSFR 

COEF 


PRSS 

ORP (IN 

H?0) 


BE NO 

FTR( IN 

H20 I 


FLO* 

i RT Uh/hK) 


EXCH 

REIGHT 

(LB) 


FIN 

LENGTH 

(INI 


LVR 

LENGTH 

(IN) 


FIN 

HEIGHT 

(IN) 


FIN 

THX NSS 

(IN) 


NUMBER OF 

FINS 



FIN EPSILON 


HOT 

COLD 

rtA TER 

601EG 

321 » 68 

289.05 

'294.30 

*“ 294.30 

321 ,H2 

290.80 

-1451 .62 

408.02 

8.43 

6.43 

4,93279 

42.13168 

16.13 

27.74 

6.3438' 

5.3271 

1 30.2440 

77 . 7485 

0.0157 

1 .6697 

0.0001 

0.0096 

100 . 00 

300.00 

41.75 

1 t .60 

12I000 

” ‘12.000 

12.000 

12.000 

1.205 

0.510 

0.015 

0.015 

32.00 

32.00 

0.99606 

0.66651 


STEADY-STATE SYSTEM POnER CONOITIONS 

voltage (vultsj ifl.snn 

CURRENT [ AM.PS ) 57.699 

PO*Ek C a A T TS ) 1070. 963 


0BMNAE PAGE IS 
OP POOR QUALITY 
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SYSTEM PEkFu»M4NCE DESCRIPTION DATE OJ/21/77 1200 

So re units 'iUOEL NO. CX9S2-70-31 

PARALLEL SETS OF 3 UNITS IN SERIES _ 

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT ( I NCh ) = u . a 30 0 HEIGHT (GRAH)s ?l.J2<9 RESISTANCE (OHM)s 
CULD M*CP PER IE DEVICE ( *4 T T*SEC/C) - 0.55aaHE+02 
HOT m*cP PER IE DEVICE C # A T T *SE C/C ) = 0.26973E+03 
COLD. HOT,. INTERSTAGE CONDUCTIVITY (ftAJT/SO IN/C)= 6_.3_j_ 6.3. 20.0 



I.E. MATERIAL 

COMM 

COMM 

COUPLE 

OTSTR1huTION= 

70.00 

31.00 

PELLET 

a 1 0 Tm 

(INCH): 

0.0550 

0.0850 

PELLET 

LENGTH 

( INCH)= 

0.0650 

0.1510 

STAGE AREA (Si) 

I nCh ) = 

1 .aaoo 

i .aaoo 

ALUMINA 

I HKNb 

(INCH): 

0.0300 

0.0300 

HUS-fiAR 

T H K 4 \ S 

( INCH): 

0.0150 

0.0320 


EXCHANGER factor 

HOT 

COLO 

FLUID type 

ft A Tfc R 

60JEG 

PLATE IE«P (K) 

321 .«R 

290.01 

INLET TEMP (K) 

2R0.30 

290.30 

OUTLET TEMP (K) 

321.63 

292.17 

HT OUT DF FLO(ft) 

-1052.13 

015.33 

PLT-PLT LOSS (HI 

6.20 

6.20 

PRAnOTL N1IMHER 

0.95226 

01 .25175 

REYNOLDS N U m n £ R 

16.13 

07.32 

NUSSELI NUMBER 

ft. 3036 

5.5889 

HEAT IRNSFR CUEF 

1 30.2057 

81.5211 

PRSS ORP (IN h?0 1 

0.0157 

2.7309 

8END FT R ( i N HPO) 

0.0001 

0.0266 

FLOrt RT (LP/RR) 

100.00 

500.00 

EACH ftElGHT (M) 

01.75 

1 1 .60 

FIN-LENGTH (IN) 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN (HKNSS (IN) 

0.015 

0.015 

NUMBER (IF FINS 

52.00 

32.00 

FIN EPSILON 

0.90806 

0.09736 


STEA0Y-5TATE SYSTtM PUrtER CONDITIONS 


voltage (VOLTS) 
CUrxENT (a«pS) 
PGftf R ( ft A T TS ) 


16.500 

57.0/3 

1073.50a 


1.570 
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SYSTEM PERFuRMAnCE r>ESC»IP T ION DATE -01 /?1 /77 t2«0 ' 

54 re units muoel mo. c*952-7o-3i 
j^I.RED AS 5 8 PARALLEL 5EIS OF 3 llfv ITS IN SfcKlES 

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT {JMCH)= O.djgi) WEIGHT (GRAM)= ?i.U9 RESISTANCE [OHM)= 1.579 
COLD m*CP PEw Tk OEvICE ( wa T T »SEC /C ) = 0.55448fct02 
HOT m*cP PER IE DEVICE f « a t T * SE C /C ) = 0.26973E+03 
C OLD . HOT, INTERSTAGE CONDUCTIVITY (rtATT/SU IN/C)= 6.?, 6.3, 20.0 



I.fc. MATERIAL 

COMM 

COMM 

COUPLE 

0ISIRI8UTIUNS 

70.00 

31.00 

PELLET 

W I 1) T H 

(Inch)* 

0.0S50 

0.0950 

PELLE t 

LENGTH 

llNCH) = 

0.0630 

0.1510 

STAGE A •<£ 4 (SO 

INCH) = 

l . 4UU0 

1 .UUOO 

ALUMINA 

T H * iv, S 

l I N C M ) = 

0.0300 

0.0300 

BUS-BAk 

TmknS 

( INCH) = 

0.0150 

0.0320 


EXCHANGER FACTOR 

MOT 

COLO 

FLUIO TYPE 

WATER 

bOXEG 

PLATE TEMP (K) 

321 .96 

290.06 

INLET T£mp 

294.30 

294.30 

OUTLET T£mP to 

321.90 

292.77 

HT OUT OF FLD(w) 

-1455. 7S 

418.27 

plt-plt LUSS (w) 

6. 1 7 

6.17 

prandtl NuwHER 

4.9294b 

40.87334 

REYNOLDS numrer 

16.14 

6b. 91 

MUSSEL f NUPbFR 

b . 34 ?R 

5.8267 

HEAT IRNSrR CUFF 

130.P591 

84.9683 

PRSS OHP ( In HPO) 

0.0157 

3.8001 

BEND F T R { I N fiJD) 

U . 0 0 0 I 

0.0522 

FLOW RT (LP/hk) 

100.00 

700.00 

EXCh WEIGHT (LB) 

41.75 

11.60 

FIN LENs T h (IN) 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (IN} 

1.205 

0.510 

FIN THKimSS (IN) 

0.015 

0.015 

NUMBER OF FINS 

3P.00 

32.00 

FIN EPSILON 

0.9990b 

0.39978 


STEAOY-STATF SYSTEM POWER CONDITIONS 
VOLTAGE IVOuTS) 19.500 

CuRkFNT (AMPS) 57.088 

.PNw£R_ (WA I TS) 1072.776 


ORIGINAL PAGE IS 
POOR QUALITY 
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SYSTEM PERFORMANCE DESCRIPTION 0*TE 01/20/77 1237 

69 t£ UM13 MODEL NO. CX952-70-5I 
HIRED AS 1* PARALLEL SETS OF 3 UMTS IN SERIES 

thermoelectric device physical description 

HEIGHT (1NCH)= O . 930ft HEIGHT- (GRAM)S 21.129 RESISTANCE (OHM): 
COLD m*CP PER Te DEVICE (*a r T*SEC/C) = 0.55998E+02 
HOT m*cP PER IE DEVICE f * A ( T * SEC /C ) a 0.26973E+03 
COLD, HOT, INTERSTAGE CONDUCTIVITY (naTT/SU IN/C)=, 6.3, 6.3, 20.0 



T.E. MATERIAL 

Comm 

COMM 

COUPLE 

distributions 

70.00 

31.00 

PELLET 

/. 1 0 T H 

(INCH ) =• 

0.0550 

0.0850 

PELLET 

length 

(INCH) = 

0 . 06 30 

i) . 1 5 1 0 

STAGE AREA CSu 

InCH)= 

1 .4900 

1.9900 

alumina 

Thkns 

(InCH)= 

0,0300 

0.0300 

BUS-BAR 

Thkns 

(InCH) = 

0.0150 

0.0320 


EXCHANGER FACTOR 

HOT 

COLD 

FLUID TYPf 

RATER 

60XEG 

PLATE TE«P ( K ) 

30b. 08 

262.19 

INLET'TEmp (k) 

299.30 

299.30 

OUTLET TEMP (K) 

309.59 

282.65 

ht our of flo(h) 

-1627.70 

998.75 

PLT-PLT LOSS (A) 

9 . b9 

9.69 

prandtl number 

6.09052 

97.97960 

REYNOLDS NUMBER 

90.96 

8.03 

MUSSEL T NljMbER 

6.9171 

5.0366 

HEAT TRMSFP C 06 F 

128.5957 

73.7506 

PRSS 0*P(IN H20) 

0.0565 

0.6379 

8EN0 F T P ( I N h2u) 

0.0005 

0.0011 

FlOh RT (l 6/HR) 

300.00 

100.00 

EXCH NEIGH? (L 8) 

a 1.75 

11.60 

FIN LENGTH (IN) 

12.000 

12.000 

LVR LENGTH UN) 

12.000 

12.000 

FIN HEIGHT UN) 

1.205 

0.510 

FIN 1HKNSS (IN? 

o . 0 1 5 

0.015 

NUMBER OF FINS 

32.00 

32.00 

FIN EPSILON 

0.87337 

0.95763 


STEADY-STATE SYSTEM PonER CONDITIONS 


VOLTAGE I VOL I S I 
CURRENT (AMPS) 
PCmg* (aaiISJ 


16.500 
63.5«6 
1176. 301 


1.579 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/21/77 i?40 

50 TE UNITS MODEL NO. CX952-70-31 
JLLFED..JS. _ 18 PARALLEL SETS OF 3 UNITS IN SERIES _ 

ThEkmuELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT CINCH) = U.4300 nEIGMT (GRAM): 21.129 RESISTANCE (OHM): 
:0L0 M*CP PER TE DEVICE ( n A T T * SEC /C ) = 0.55448E+02 
HOT -m*CP PER TE uEvICE («AT T»SEC/C ) : 0 . 269 7 3E+0 3 

JOL.O, HOTj INTERSTAGE .CONDUCT I VU.T (aaTT/SQ IN/C):__ 6,3, b,3t_ 20. t 



T.E. MAItRlAL 

COMM 

COMM 

COUPLE 

DISTRIBUTION: 

70.00 

31.00 

PELLET 

a IDTh 

( INCH) = 

0.0550 

0.0*50 

PELLET 

LEnG t H 

(INCH): 

0 . 0 b 30 

0.1510 

stage area ISO 

INCH): 

1 .0400 

1.4400 

ALUMINA 

Turns 

I Inch ) = 

0.0300 

” ’o.o?oo 

BUS-BAR 

I HK NS 

(InCh): 

0.0150 

0.0320 


■XCHANGER FACTC'R 
FLUID TYPF 

PLATE TEMP t K ) 

INLET TEMP " (k ) 
OUTLET TtMP (X) 
HT OuT OF FLD(a) 
’LT-PLT LOSS CM 
PPA'juTL JUMPER 
REYNOLDS NUM8ER 
" MUSSEL f NIIMIJEH 
HE A T TRN5FR CUEF 
5 RSS ORP ( IN H20) 
3END FTRCIN HPO) 
FLOa RT (LB/HR) 
£XCh_aEIGHT (LB) 
FIN LENGTH" (IN) ‘ 
LVR LENGTH TIN) 
FIN HEIGHT (IN) 
FIN THKNSS (IN) 
NUMBER OF FINS 
FI^EPSILUn 


HOT 

COLO 

aAT£R 

bOXEG 

JOB. 1 a 

285*07 

244.30 

294.30 

304.88 

286.1 7 

-1841.70 

471*44 

4.13 

4.13 

6.03447 

45.32122 

4 0.51 

12.81 

6.4171 

5.1114 

128.6091 

74.7425 

0.0565 

0.9003 

o.ooos 

0.0024 

300.00 

150.00 

41. 75 

11.60 

12.000 

12.000 

12.000 

12.000 

1.205 

0.510 

0.015 

0.015 

32.00 

32.00 

0.87338 

0.88074 


STEAOY-STATE SYSTEM POaER CONDITIONS 


VOLTAGE (VOLTS) 
CURRENT (AMPS) 
PUa£K (hATTS) 


1 ft . 500 
63.804 
1 ! BO. 3S0 


ORIGINAL PAGE IS 
0S3 POOR QUALITY 
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SYSIF.-w PEKEilPMANCE uF.SCHIPHilN HATE Ol/pl/77 1109 

54 IF. 1)9115 ''iinFL mO. CX9S5-70-31 
«r«t'l AS 19 PifALLF.L SETS OP 3 OMITS IN SERIES 

| ui-v-'-.tfcLtCTH ir. tiFylCF PHYSICAL meschiptidw 
HP I Oh 1 t 1 vr ^ = ('.Jji,.! aCIOhT (G*AM)= P1.1P9 RESISTANCE COHMl: 
;oi.i) h.cp par ip irvicp (aat I.»FC/C)= o.ssuuhE + op 
hoi -'.Ch PFh TP ilf- v IL e ( -|A r t.SEC/C) = O.P8973E+03 
:i>LO,hoT, I' If «SIaOF CtIMOOCTIVI TY {.vaTT/SG 1N/CJ* h.3, 8.3, ?0.o 



T.t. v A 1 1 H I A L 

COMM 

COMM 

COUPLE 

0 I S I •> 1 

~<J| 1 U Ms 

70.00 

51 .00 

PELLET 

ft 1 0 T h 

( 1 \TH) = 

O.i'SSO 

0.0850 

PfcLLtl 

length 

( INCH)= 

o.obio 

0.1510 

s 1 AGE A k£ A (ati 

!NC8) = 

1 .ouoo 

1 . 4400 

A L U * I N A 

T H K fv*y 

( 1‘NCh) r 

0 .0 JOA 

0 . o 300 

SUS-SAP 

Nk-ijS 

( I-»Ch ) s 

0.0 ISO 

0 . o 3?o 


EXCHANGE* F sc TUh 

hu I 

COLD 

P L u J 0 T t Pf 

*A rF_9 

goueg 

PLATE I E'lP (a) 

308. ?7 

POb.53 

INLET !£mp (*) 

P94 . 30 

894.30 

Uu T LE T TE"P (8) 

SOU. 7 S 

? 8 8 . 0 8 

i T OUT OF F L IM A ) 

-1850.08 

481 .99 

>UT-PLT LuSS (*) 

3.*b 

5.88 

PWAijOTL Mi'“htx 

h.OpMl o 

U3.9857P 

REYNOLDS MliHhFft 

O0.5S 

17.85 

<- N U 5 5 1 L T 

8.U171 

5.1849 

1£AT TK0SF9 CuFf- 

1 P5.->?3? 

75.758? 

J RSS j«P ( In r-?n ) 

ii.05h<» 

1 . 1 b 30 

ifcND FTP t 19 H?0) 

0.0005 

0.004 ? 

FLO« 9 T (L^/hk) 

sou . no 

POO.OO 

•XCh sE IGh T (L*) 

ul .75 

11. 80 

FIMLFnUTh UN) 

ip.onn 

lP.noo 

LVft Lf MQTh f IM 

IP. 000 

IP. 000 

FIN HEIGHT (IN) 

l .?05 

0.510 

PIN IrtK«55 (1 N) 

0.015 

0.015 

NijmSEh OF FI VS 

i?.iio 

5P. 00 

fin EPS t LiiN 

0.87340 

0.80055 


steaoy-siate SYSTt-r p-keg cunoi r ions 

vNLTaGF I VOLTS) 18.500 

CUYiEM (AMPS) 05.893 

PO/iFrf (aAIFS) 11HP.0P9 


1.579 
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SYSTEM PERFORMANCE INSCRIPTION date 01/21/77 1109 

54 r E UMTS «UOFL n 0. CX9S2-70-31 
Hl.RED AS IS PARALLEL SETS OF 3 UNITS IN SERIES 

ThERmOELF.CTRIC DEVICE PHYSICAL description 
HEIGHT MNCHJs 0.4300 wEIGhT (gram): 21.129 RESISTANCE (Ohm): 


:olo m*cp 

PPK 

TE DEVICE 

(*ATT*SEC/C) 

= 0.559«ftE*02 

HOT h*cP 

P£ * 

TE UF V ICE 

(aATT*SEC/C) 

= 0.26973E+03 

:O L D_, Hp t , 

INTERSTAGE CONDUCTIVITY (aATT/SO IN/C)= 


I ,E. 

■•I a r I al 

COMM 

COMM 

COUPLE 

01 S TR IKut IUN = 

70.00 

31.00 

PELLET 

a I n i h 

(INCH): 

0.0550 

n.oaso 

PELLET LENG1H 

(INCH): 

0.0650 

0.1510 

STAGE ak£ a ISO Inch ) : 

1 . 4400 

1 .auoo 

ALUMINA 

r 4K(vS 

( (NCn) s 

O.OiOO 

0.0 300 

sus-har 

T H* fv.5 

l INCH): 

0.0150 

0.0320 


* A CH A NGE R FacTiir 

HUT 

COLO 

FLUID IYPE 

mater 

503EG 

PLATE TEMP («) 

306.36 

287.96 

INLET TEMP {«) 

P9a. JO 

294.30 

OUTLET TEMP In) 

304.39 

290 . 0 7 

HT OUT OF FL D 1 a ) 

-1667.23 

492.25 

»LT-PLT LOSS (a) 

3.60 

3.60 

PRANIJTL NUMBER 

6.02295 

42.61038 

REYNULOS MUMPER 

40.5« 

27.40 

NUSSELT NUMREft 

6.4171 

5 . 3260 

HEAT 1RNSFR CUEF 

1 2S.b5rt2 

77.761 6 

3 RSS ORP(IN h?o) 

0. <1564 

1 ,6900 

3END FTRIIN h20) 

ti.0005 

0.009b 

FLO* RT CL8/HR) 

300.00 

300. on 

E Y C h AEIGHT (Id) 

41.75 

11.60 

FIN LENGTH (!•>■) 

(2.000 

12.000 

LVR LENGTH ( IN) 

12.0Q0 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN THUNSS (IN) 

0,015 

0.015 

NUMRER UF FINS 

32.00 

32.00 

FIN EPSILON 

0.0734? 

0 . S 


STEADY- STATE SYSTEM PO*ER CONDITIONS 
' VOL I AGP (Vi»LTS) IS. 500 

CURRENT (A«PS) 63.97a 

POftfR UAfTS) 11*3.590 


ORIGINAL PAGE IS 
m fOOR QUALITY 


1 .579 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01 / 21/77 1240 

5a TE UNITS muOEL NO. C*952-70-31 

WIRED AS IS PARALLEL SETS OF 5 UNITS_„IN SERIES 1 

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT (JNCH)= 0.4300 WEIGHT (GRAM) = 21.J2R RESISTANCE (OHM)s 
COLO m* CP P£« TE DEVICE ( wa TT * SEC /C ) = 0.5549flE«-02 
HOT m»CP PER TE DEVICE (v»ATT*SEC/C) = 0 . 2697 3E+0 3 
COLO. HOT. INTERSTAGE CONOUC T I V I T Y (wATT/SU IN/C) = _6,3, 6.3. 20 . 



T.E. MATERIAL 

COMM 

COMM 

couple 

DISTRIBUTIONS 

70.00 

31.00 

pellet 

moth 

( INCH) z 

0.0550 

0 ,0950 

PELLET 

LENGTH 

(INCH)— 

0.0630 

0.1510 

STAGE aRF.a (SO 

I N C H 1 — 

1 .0400 

1 . uaOO 

ALUMINA 

THKNS 

( INCh) = 

0.0300 

n.0300 

8US-9AR 

ThknS 

(INCH)= 

0.0150 

0.0320 


exchanger factor 

HOT 

COLO 

FLUIO TYPE 

WATER 

GOXEG 

plate temp (k) 

306 .39 

289.1? 

inlet temp oo 

290.30 

294.30 

outlet temp f k j 

30U.H6 

291.72 

HT OUT OF FLO ( » ) 

-1670.86 

501.12 

PLT-PLT loss (W) 

3.38 

3.38 

PRANO TL wumSER 

6.02124 

91 .53383 

REYNOLDS MHPER 

90.59 

46.96 

NUSSELf 

6.9171 

5.5881 

HEAT TRnSFR COEF 

12R.6U23 

xi.5259 

PRSS OHPllN *20) 

0.0569 

2.7508 

SEND F T R ( I N h^O) 

0.U005 

0.0266 

FLOW RT (LB/HRJ 

300.00 

500.00 

EXCh WEIGHT (LH) 

91.75 

1 1 .60 

FIN LENGTH (In) 

12.000 

12.000 

LVR LENGTH I In) 

12.000 

12.000 

FIN HEIGHT (IN) 

1.205 

0.510 

FIN THuNSS (IN) 

0.015 

0.015 

NUMBER UF FINS 

32.00 

32.00 

FIn EPSTLUN 

0.87392 

0.49759. 


STEADY-STATE 

VOLTAGE 

CUkhFNT 

PO*E« 


SYaTEM HOvEP CONOITIONS 
(VOLTS) l«.50O 

(AMPS) 64.067 

(WATTS) 1 1 AS. 537 


1.579 
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SYSTEM PERFORMANCE DESCRIPTION date 01/51/77 1240 

54 TE UNITS MODEL NO. CX952-70-31 
, ft l_RE.Q_ AS„ 18. PARALLEL SETS OF 5 UNITS IN SERIES _ 

IhERMOELEC IRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT C 1 NCh ) s O.aJOO aEI6hT (GRAM)= 21.129 RESISTANCE (OHM)s 
COLO M*CP PER Tt uE V ICE T ftA TT * SEC/C ) = 0.55448£t02 
HOT M»CP PER TE DEVICE ( w AT T *SEC /C I = 0.26973E+03 
cDULlHot, interstage conductivity (aatt/so in/c) = _6.3<. _ s.Si. 20.D. 



I.E. MATERIAL 

COMM 

COMM 


COUPLE 

DISTR I6ul LO n= 

70.00 

31.00 


pellet 

ft 1 0 T H 

(INCH) = 

0,0550 

0.0*50 


pellet 

LEnG t h 

1 1 NC H ) = 

0.0630 

0.1510 


stage area isa 

INCH)= 

1.4000 

l .4400 „ 


ALUMINA 

THKNS 

C 1 NCh) = 

0 .0 300 

0.0300 


BUS-BAR 

T HK NS 

C I NC H ) s 

0.0150 

0.0320 



Exchanger factor 

HOT 

COLD 

fluIO type 

■ AA TER 

6 0 XEG 

. PLATE T t mP (K) 

306,42 

2 8 9 , 6 6_ 

Inlet temp (kj 

294.30 

294.30 

outlet temp oo 

304.89 

292.45 

mT OUT OF FLO ( ft ) 

-1675.27 

505.06 

PL T -PL T LOSS (ft) 

3.2* 

3.2* 

PRAMOTL NUMBER 

6.01917 

41 .07396 

REYNOLDS .nu m UER 

40.61 

b6 . 56 

NUSSEl'i number 

6.4171 

5.8259 

heat TRnSFR cuff 

1 28.6474 

*4 , 9689 

PRSS ORPtl.N H20) 

0.0563 

3.8199 

9EN0 F Tk ( 1 n m20) 

u.‘0O05 

0.0522 

FLUft RT (LR/hk) 

300.00 

700.00 

EXCH WEIGHT (LB) 

41.75 

11.60 

FIN LENGTH (IN) 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

- 12.000 

FIN HEIGHT U-m! 

1.205 

0.510 

FIN T HK NS S (IN) 

0.015 

0.015 

NUMBER OF FINS 

32.00 

32.00 

FIN EPSILON 

0 . * 7 3 4 3 

0.3R989 


STEAOY-STAIE SYSTEM PDaER CONDITIONS 
VOLTAGE CVulTS) tS.500 

CURRENT (AMPS) 6 4.101 

POftFH (rtATTS) 11*5, *61 


ORIGINAL PAGE IS 
OE POOR QUALITY 


1 .579 



STblfcM PERFORMANCE DESCRIPTION DATE 01/21/77 1109 

5« IE IIN1IS MIJOEL NO. CX952-70-31 
1 1 «E0, AS 1« PARALLEL sets OF 5 UNITS IN SERIES . . 

THERMOELECTRIC OEVICE PHYSICAL DESCRIPTION 
IEIGHT ( 1 Nch ) z 0.9500 HEIGHT (GR»m)= 21.125 RESISTANCE tOHM)= 
;DLD m«cp RFS IE DEVICE ( wAT T* SEC /C ) - 0 . 55998E+02 
HOT m* C p PER TE DEVICE (HATT*SEC/C)= 0.26973E+03 

h<JT_» INTERS.! a uE CONDUCTIVITY (*aTT/SQ IN/C)s fl.3t E.3» 20,0 


T.F. MATERIAL 

COMM 

COMM 

couple oistkibut ION = 

70.00 

31.00 

PELLET WIDTH 

l INCH) = 

0.0550 

0.0850 

PELLtT LENGTH 

UNCH) = 

0. 04,30 

0.1510 

STAGE. AREA ( S>J 

I NCh ) = 

I .auOO 

1.9900 

ALUMINA Thk.MS 

( I nCH ) = 

0.0300 

0.0300 

BUS-BAR ThmNS 

(Inch)— 

0.0150 

0.0320 


;xchanger factor 

HUT 

COLD 

FLUID TYPE 

WATER 

60XEG 

PLATE TEMP ( K ) 

303.1 5 

281.77 

inlei temp (K) 

299.30 

299.30 

OUTLET TE«P (K) 

iuO.SO 

282.30 

IT OUT OF FLD(w) 

-1882.?« 

982.10 

■lt-plt LOSS (*) 

9.19 

9.19 

PRANDTL number 

8.39998 

98.29938 

RE YN0L05 NUMBER 

89.59 

7.98 

NUSSELT NJ*»hER 

8 . 9995 

5.0385 

IE A T TRNSFR CUEF 

129.9079 

73.7590 

- ‘RSS DRPCIN H20) 

Q .0988 

0.8912 

IENO FTR(IN h20) 

0.0013 

0.0011 

FLOW RT (LB/HR) 

500.00 

100.00 

:xCH WEIGHT (LB) 

91.75 

11.80 

FIN LENGTH (IN) 

12.000 

12.000 

LVR LENGTH TIN) 

12.000 

12.000 

F IN HE IGhT I IN) 

1.205 

0.510 

FIN IHX.jsS (IN) 

0.015 

0.015 

NUMBER OF FINS 

52.00 

32.00 

FIN EPSILON 

0.7118? 

0.95769 


STEADY-STATE SYSTEM PO«ER CUNDITIONS 


VOLTAGE (VOLTS) 
CURRENT (AMPS) 
pn*F.R (WATTS) 


l s. son 

89.779 
1 19fl.au 


1 .579 
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/21/77 1290 

59 tE UNITS MODEL NO. CX952-70-31 
AL re -O..AS l« PARALLEL SFTS OF S UNITS IN SERIES . 

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION 
HEIGHT (1NCh)= 0.9300 WEIGHT (GHAM)= ? 1 . 1 29 RESISTANCE (OHM)= 
:0L0 «*CP PE« TE OtVICE ( w A T T* SEC /C ) s 0 . 5S998E+ 02 
HOT M*CP PE* TE DEVICE (/(AT I*SEC/C)= 0 . 2697 3E + 0 3 
:O LD.H OT. INTERSTAGE CONOUC T I VI TT . (WATT/SU IN/CJ=. b,3.,__ 20,_p 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

DIST*I8UTIUN= 

70.00 

31.00 

PELLET 

WIDTH 

( INCHJs 

0.0550 

0.0850 

PELLET 

LENGTH 

( INCH) = 

0.0630 

0.1510 

STAGE AREA (SQ 

Inch) a 

1.9900 

1 . 9<l0O 

ALUMINA 

I HK NS 

r inch) = 

O.OiOO 

0.0300 

6 uS-3 AP 

ThKNS 

(INCH) = 

0.0150 

0.0320 


EXCHANGER FACTOR 

HOT 

COLO 

FLUID TYPE 

WATER 

60XEG 

PLATE TE M P (8) 

303.29 

289.78 

INLET T£wP (k) 

299.30 

299.30 

OUTLET T£«P (A) 

30V.67 

285.9? 

HT OUT OF FLD(w) 

-1678.76 

986.1 1 

»lt-plt LOSS (*) 

3.61 

3.61 

PkANOTL NIJMHER 

n. 3«558 

95.50531 

REYNOLDS NUMBER 

69. S8 

12.75 

nUSSELT num°E* 

6.9995 

5.1113 

heat TRNSFR CCEF 

129.9178 

79.7989 

ARSS 0 R P ( In m2 0 ) 

O.09A8 

0.9092 

3EN0 F T R ( I N H20) 

O.OIM 3 

0.0029 

FLOW RT (LE/HR) 

500.00 

150.00 

£ X C H WEIGHT (L8 ) 

91.75 

11.60 

FIN LENGTH ( IN) ' 

12.000 

12.000 

LVR LENGTH (IN) 

12.000 

12.000 

FIN HEIGHT (IN) 

1 .205 

0.510 

FIN THXNSS (IN) 

0.015 

0.015 

NUHefcK OF FINS 

52.00 

32.00 

FIN EPSILON 

0.71190 

0.88083 


STEADY-STATE 5YSTtf. POWER CONDITIONS 


VOLTAGE (VOLTS) 
CURRENT (amps) 
power (waits) 


18.500 

65.009 

1202.575 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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STSIEM PERFORMANCE DESCKIP T ION DATE 01/21/77 1109 

54 TE UMTS MODEL NO. CX952-70-31 
KlftE0_A_S_ _1 4 P4R4LLEL SETS OF 3 UNITS IN SERItS _ _ • 

THERMOELECTRIC OEVICE PHYSICAL DESCRIPTION 
HEIGHT ( INCH) = 0.4300 HEIGHT ( GRAM) = 21.129 RESISTANCE fOHM)= 1.579 
lOLO M»CP PfR TE OEVICE ( H A TT * SEC /C ) = 0.55««8E*02 
HOT m*CP p ER TE DEVICE (w AT T*SEC/C ) - 0.2697 3E + 03 

•^LO.,iHpij INTERSTAGE CONDUCTIVITY (WATT/SO 1 N/C ) = _ 6 , \ L _ 6. 3*. 20.0 



T.E. HA 1 EH I AL 

COMM 

COMM 

COUPLE 

DISTRIBUTIONS 

70.00 

31.00 

PELLET 

hIDTH 

CINCH)= 

0.0550 

0.OB5O 

PELLET 

LENGTH 

( IVCH)S 

0.0630 

0.1510 

STAGE area (SO 

I N C H ) S 

1 .4400 

1 . 4400 

ALUMINA 

THXIVS 

(INCH) 6 

0.0300 

0. 0 30 0‘ 

6US-B Aft 

THKNS 

( INCH) = 

0.0150 

0.0320 


exchanges factor 

fluid TYPE 

_ PL_A I E T Ej'P (a) 

‘inlet r e'mp (aj 
outlet TEMP (k) 
•iT OUT OF FLO(h) 
’lt-plt LOSS (w) 
PRANOTL .viiMPEB 
_ R E Y N 0 U3 S_ 'UlMHER 
NuSSEL T NUMBER 
HEAT TRNSFR CUE F 
>RSS OxPIlN h20) 
JENO F I R C I •'! h?0) 
Flo* pt (lp/hr) 
UCH aE1Gh_T_ (lh) 
FIN LENGTH"”! IN) 
LVR LENGTH (In) 
FIN HEIGHT (IN) 
FIN fHKNSS l)N) 
NUMBER of fins 
F I_n_EPS.il UN 


hot 

hater 

503.32 
294.30 
500.72 
-1692.93 
3.34 
6.34126 
64.62 
6.4945 
129.u?75 
0.0967 
0.0013 
500. on 
41.75 

12.000 

12.000 
1 .205 
0.015 
32.00 
0.71191 


COLO 
60XEG 
286.26 
294.30 
267.88 
497.42 
3.34 
44. 1 0556 
IT. 59 
5.1848 
75.7625 
1 .1669 
0.0043 

200.00 

1 1.60 

1 2.000 

12.000 
0.510 
0.015 
32.00 
0*80061 


STEAOT-STATE SYSTEM POrtER CONDITIONS 


VOLTAGE (VOLTS) 
CURRENT (AMPS) 
POWER (WATTS) 


18.500 

65.100 

1204.357 
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srftlt" DESCRIPTION DATE 01/21/77 1109 

So IF UM IS -u'nEL MU. C X95E-70-S1 
HIOFO Ah 1* PARALLEL StTS OF 1 UMTS IN SERIES 

IhEpM. ELECTRIC OFVICfc PHYSICAL 0 E SCE I P T T ON 
IE I GH T { 1 o- C « 1 = O.ojon aEIGnT f « R t m ) = 21.129 RESISTANCE = 

:OLD v.fF PER It iJ E V l C E f vtTT*SEC/Cl= O.5Sou o E+02 
hut Y«CP PEP IE DEVICE ( a» T T* S fcC/Cl = O.?h9?^E+03 
;i)L0 , hiH , I vT t p.S i atiE CO vililCT I V I T V MATT/Su IN/C)= b.i, b.3, 20.0 



1 . >- • v 4 T t K 1 AL 

COW 

COMM 

COUPLE 

it ISTh | nij 1 IlH\s 

70.00 

SI .00 

PELLET 

A T .) T ** 

UNCH) = 

0 . 0550 

0.0050 

PELLET 

LENG I h 

IHCHls 

O.0M0 

0.1S10 

stage 11 ( S ts«j 

1NCh)= 

1 . oooo 

1 . 0 0 0 0 

alumina 

1 H K »g 

l I vLh) s 

n.oion 

0.0100 

RUS-ri Ah 

1 H « *r S 

I L-VC 1 -' > = 

fl.oisn 

0.0120 


• * CH *'\GE R F a c Him 

Hilt 

CDLO 

fluid m fe 

•• A T E H 

feoxtG 

PLATE IFvp Is) 

<03. <6 

2*7.75 

INLET IE VP (<) 

29o . 30 

290 . 30 

(UITLE I 1 E -IP ( * ) 

1 0 u . 7 6 

2*9.93 

■IT Out HE FLO! A) 

- 1 Ml o . o 6 

50ft. 37 

3 LT-PLT U. so U) 

$ . oe 

3 . Ob 

PxANl'TL 'h'VhPw 

h. 5 < 7 7 5 

02.70319 

RET VULU S vu •■"€ R 

hu.M 

27.19 

NUSSELl 'U' M nbH 

S . o9oS 

5.32*1 

■IE A T IRNsFp C«iEF 

l ?u. «35a 

77. 7691 

»RS5 OTPtl'i H2.v) 

.1 . 00 H 7 

1 .E>939 

ItNl) FTP I |v n;i.) 

0.001 1 

0.009b 

FL L»a R T l LP / Hi ) 

600.00 

100.00 

TxCh AEIb.iT Tin) 

01.76 

1 1 ,bO 

FIN LEMj T n ( 1 a. 1 

12.000 

12.000 

LVR IE vNTh ( IM 

ip.O'.o 

1 2 . II ft 0 

FIN mE I Oh T t IM 

1 . ? n s 

0.510 

FIN I hums 5 MM 

0.0 16 

0.016 

NUMBER of E I NS 

12.00 

12.00 

FIN E'PSILUN 

0.71192 

0 ,bftt>9 1 


STE AOY-S T A T F StSTE.v hU^EH conditions 
VOLIAUE (vi)lTS) 1 H . SO 0 

Cil««F N T CAVES) SS. ?00 

f'.ivM (uIIM 12 ON. POP 


0®fc^ GE B 

QUALfTjy 


715 


1.579 



0 * T £ <M/?t/77 1?40 


5»SIfM RFGFuw^AnCE DESCRIPTION 
5U T £ UMls MutlEL, NO, CX952-70-31 
AlHfcO AS 18 «kiUFt SETS OF ? UNITS IN SERIES 


Tnfcx'UJtLFCt u rc DEVICE PHYSICAL DESCRIPTION 
HEIGHT llNCHlr t> . a 3 b 0 /.EIGHT (GhAm)= Pl.124 RESISTANCE (Omm)= 

COLO a'*CH PER IE >)E v let (aaIT»SEC/C)= 0.SS448F+U2 
HOI N*CP Ptx It nFviCfc t'-iA T T.SEC/C3 = O.2897.3E + 03 
COLO, HOT, IN leRS I AGF CONDUCTIVITY ( a A IT / SO IN/C)= 8, 3, b.3, 20,0 


I . E . R A 1 t R I A L 
COUPLE H I S I R I h.j | = 

PELLEt rtlOfn (l'JCH) = 
PELLtT LF.MGIn (l'.Cn) = 
STAGE AREA (S'J INCH) ~ 
ALUMINA ThxOiS UvCHlr 
8U5-0AR iHPtlUb (ImCh)s 


CO RH CtlMM 

70.00 31.00 

0.0550 O.085O 

0,0b 30 0.1 510 

1 . Oil 00 1 . 0400 

0.0300 0.0300 

o.oiso 0.0*20 


EXCHANGER FACKiF. 

hi)T 

COLD 

FLUID ItHt 

a A I £R 

bOXEG 

PLAJE T E"P CM 

30 3.44 

288.95 

INLET TE v P (K) 

P.94 . <0 

294.30 

OUTLET Ifhf i«| 

300.80 

291.54 

HI uur OF FL'UA] -1715.17 

517. IP 

PLT-PLT Lu-SS ( A ) 

2. "3 

2.83 

PWAuUTL i.h«P£k t> 

.33448 

«l .5«b94 

REYNOLDS .vI-v^Fk 

H4 , 0 8 

4 5.90 

m US SELT NtJ*e F“ 

8.4945 

5.5879 

HEAT TRNsFH CUFF 1P9.4U28 

*1 .5283 

PRSS DRP ( I M h?0 ) 

1 . 0 48 b 

2.7545 

SEND F TP ( If' h?0) 

O.ooi 3 

0.0255 

FLOA * I ILR/HH ) 

HOO . i>0 

500.00 

Exch aeig«t (l«; 

4! .75 

1 1.80 

fin LENGTH (IN) 

1 P.OQ0 

12.000 

LVR Lt'lbTH (IN) 

12.000 

12.000 

FIN hEIGhI ( I\) 

1.205 

0,510 

FIN iMKnibb ( i N) 

n.015 

0.015 

NU«hEF (IF FINS 

32.00 

32.00 

FIN EPSILON 0 

. M 19« 

0.49757 

STfAIjr-sT ATE t> r S 1 1 V 

PO/. £9 CUNOITiONS 

voltage (vuLtsl 

1h. 

500 

CMPhFA I l JMPb ) 

KS. 

2 79 

PUAfcK (mITS) 

IPO 7. 

8bO 


1.570 
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system perfukmance description date 01/21/77 i?«o 

59 TE UNITS MODEL NO. CX962-70-31 
WI RED AS 1« PARALLEL SETS OF 3 UNITS IN SERIES _ _ 

THERMOELECTRIC device physical DESCRIPTION 
HEIGHT I INCH ) s 0 . <1300 WEIGHT (GRAM)= 21.129 RESISTANCE (OHM): 
COLD M*CP PtR IE OFVlCE ( «A TT*SEC/C ) = 0.5S«“HE+O2 
hot M*CP PFk TE Ot V ICE [wATl*5EC/C)= 0.2b973E»03 
COLD, HUT, IMFRSUGE CONDUCTIVITY (wATT/SO IN/C)= 6.3,. 6.3, 20.0 



T.E. MATERIAL 

COMM 

COMM 

COUPLE 

1)1 STB Iftul 1 ON* 

70.00 

31.00 

PELLET 

WIDTH 

( INCH) = 

0.0550 

0.0550 

PELLET 

LENGTH 

( INCH ) = 

0.0630 

0.1510 

STAGE AREA (SQ 

InCH) - 

1 . oa 0 0 

1 . UO00 

ALUMINA 

Thu NS 

(INCH)= ' 

0.0300 

0.0300 

BUS-BAR 

tHKNS 

(INCH)= 

0.0150 

0.0320 


EXCHANGER F AC i DR 

HOT 

COLD 

FLUID IrPE 

WA TER 

60XEG 

PLATE TEMP <K) 

303.97 

269.52 

INLET TEMP (V) 

29U.30 

299.30 

OUTLET 16 *P OO 

300. 63 

292.39 

HT OUT OF FLDIw) 

-1720.81 

521. IB 

PLT-PLT LUSS (w) 

2.7 3 

2.73 

PRAfgDTL NUMBER 

6.33276 

91.11197 

REYNOLOS NUMhER 

69.70 

66.99 

NDS'SELT NUMBER 

6.99a5' 

‘ 5.6258 

heat IknSFR cuef 

l 29 .4967 

89.9690 

PRSS DRP ( I N n?u) 

0.0986 

3.8236 

BEND FTK(IN H20) 

0.001 3 

0.0522 

FLOW RT (LH/Hw) 

500.00 

700.00 

EXCH NF. IGHT (16) 

91.75 

11.60 

FIN LENGTH (IN) 

12.000 

12.000 

LVR LENGTH CIM 

12.000 

12.000 

F IN Ht IGH I (IN) 

1 .205 

0.510 

FIN IHKNSS (IN) 

0.015 

0.015 

NUMBER OF FINS 

32.0 0 

32.00 

F IN EPSILON 

0.71 1 9« 

0. 39990 


STEAUY-SrATE SYSTEM PUw£R CONDITIONS 
VOLTAGE IvOLTS) 16.500 

CURRENT (AMPS) 65.319 

POWER. (WAITS) 120". JU 


pag ? 1 

POOR QUA- 


1 .579 
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